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Abstract 
 
 
In recent years, several freshwater diversion structures have been 
constructed along the lower Mississippi River south of Baton Rouge, 
Louisiana. These structures divert freshwater and sediment into Louisiana’s 
coastal wetlands in an effort to combat Louisiana’s estimated annual wetland 
loss of 65 km2. The successful operation of these diversions depends upon 
the stage of the Mississippi River. An increase in river stage generally results 
in an increase in the suspended sediment load and in the discharge of water 
through a diversion. The subsequent transport of suspended sediment within 
an estuary is also influenced by local rainfall, tide, and wind speed and 
direction. This study examines the relationship between the suspended 
sediment concentration in the east-central Barataria Basin and the operation 
of the Naomi Siphon, Mississippi River stage, local rainfall, tide, wind speed, 
and wind direction.  
 The Naomi Freshwater Diversion, located southeast of New Orleans, 
diverts freshwater and suspended sediment into the Barataria Estuary. A 10-
year record of monthly turbidity readings (used as a surrogate for suspended 
sediment concentration) from within the estuary was combined with river 
stage, rainfall, tide, wind speed, and wind direction data to examine the effect 
of these forcing factors on the turbidity and concentration of suspended 
sediment within the estuary.  
 xii
 
 
 Results indicate that suspended sediment concentrations are greatest 
in the areas closest to the siphon when the siphon is discharging and during 
periods of high river stage. Spoil banks appear to block the flow of sediment-
laden sheet flow to the outer regions of the wetland. Sheet flow is diverted into 
canals and flows off site. Individually, tide affects only the interior wetlands, 
due to an increase of readily available sediment in this area. Rainfall and wind 
individually provide a negligible influence on suspended sediment 
concentrations.  
 Regression models of the relationship between suspended sediment 
concentration and the environmental forcing factors were developed. The 
study also determined that canals are more efficient than bayous for 
transporting suspended sediment. The canals appear to be funneling 
suspended sediment out of the wetlands.  
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 Chapter 1:  Introduction 
 
Louisiana has approximately 40 percent of the nation’s coastal 
wetlands (Turner 1990). These wetlands are of vital importance to the US and 
Louisiana serving as, among other things, a nursery for 95 percent of the 
finfish and shellfish harvested in coastal Louisiana and approximately one-fifth 
of the estuarine-dependent fisheries in the US (Moore and River 1996). The 
wetlands in southeast Louisiana also buffer the major population centers of 
New Orleans and Baton Rouge from the full force of tropical weather systems. 
The wetlands absorb most of the impact from storm surges. Every 1.6 
kilometers of vegetated estuary can retain up to 18 cm of tropical cyclone-
induced floodwater that would otherwise move inland to flood populated areas 
(Moore and River 1996).  
Southeast Louisiana is currently losing wetlands at a rate of 65 km2 per 
year (Louisiana Coastal Wetlands Restoration Task Force 1998). The 
reduction of the sediment load and the grain size carried by the Mississippi 
River, channel dredging, the construction of dams, levees, revetments, dikes, 
and cutoffs, subsidence, and eustatic sea level rise all contribute to wetland 
loss (Kesel 1988, 1989). Historically, southeast Louisiana was inundated with 
large amounts of fresh water and sediments during the seasonal flooding of 
the Mississippi River. In the early 1930s, flood protection levees were erected 
along the lower Mississippi River as far south as Venice. These levees prevent 
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the annual input of sediment and fresh water into the wetlands, exacerbating 
subsidence and land loss within the region.   
Today, suspended sediment and fresh water from the Mississippi River 
enter southeast Louisiana wetlands via several man-made diversions located 
south of Baton Rouge. These diversions include the Naomi Freshwater 
Diversion, Davis Pond Freshwater Diversion, Caernarvon Freshwater 
Diversion, and Point a la Hache Diversion (Figure 1.1). These diversions serve 
as man-made distributaries, funneling fresh water and sediment into the 
wetlands in an effort to offset erosion, subsidence, and saltwater intrusion.  
 The successful operation of these diversions depends upon the stage 
of the Mississippi River (Roberts et al. 1992). An increase in river stage 
generally results in an increase in the discharge of water through a diversion. 
The Mississippi River’s suspended sediment load typically increases with 
increasing discharge. Therefore, a high Mississippi River stage results in a 
greater discharge through a diversion and a greater potential for more 
suspended sediment transport and deposition in an adjacent wetland. 
 Canals and bayous distribute freshwater and suspended sediment from 
diversion structures throughout adjacent coastal wetlands. Bayous are small, 
sluggish to stagnant streams that may or may not be a former distributary of 
the Mississippi River. Bayous are sinuous and shallow (~<1 m) compared to 
man-made canals which are generally linear and deeper (~1.5-2 m). Water 
velocity and the suspended sediment load are greater in the linear canals than  
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Figure 1.1 Naomi Siphon and Study Site Location 
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in the sinuous bayous. The meanders of the bayous slow the water velocity, 
encouraging sediment deposition. Thus, suspended sediment introduced into 
a coastal wetland via a diversion structure should move much faster through a 
wetland via canals as compared to suspended sediment movement in bayous.   
 Turbidity indexes the amount of organic and inorganic material present 
in a water column. Because turbidity measurements rely on a controlled light 
source to determine the amount of solid material present in a water column, it 
can be used as a surrogate measure of suspended sediment concentration 
(SSC). The relationship between turbidity and SSC is nearly linear and 
positive. Correlations between turbidity and SSC as high as R2 = 0.98 have 
reported by Christensen (2002) and Packman et al. (1999). Thus, turbidity is 
considered an acceptable surrogate to SSC. 
Rainfall is a major source of fresh water in the southeast Louisiana 
wetlands (Park 2002). Local rainfall influences the transport of suspended 
sediment within a wetland (Milliman and Meade 1983; Meade et al. 1990). It 
can also affect salinity within a wetland (Turner 2000), which causes an 
increase in the flocculation of fine sediment and its subsequent deposition 
(Barbe et al. 2000).  
This study will examine the influence of forcing factors (Mississippi 
River stage, regional rainfall, tide, and wind) on SSC in the east-central portion 
of the Barataria Basin using turbidity as a surrogate. The Naomi Freshwater 
Diversion discharges suspended sediment and water from the Mississippi 
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River into the east-central portion of the Barataria Basin (Figure 1.1). 
Statistical methods are used to analyze the influence of these forcing factors, 
both individually and in combination, on the turbidity (SSC) within the basin.  
Qualitative analyses of aerial photographs will be performed using 
remote sensing classification techniques. The aerial photographs are used to 
determine the temporal and spatial variation/pathways of suspended sediment 
in the wetlands during different combinations of environmental forcing factors.  
1.1 Objectives 
 
 The goal of this project is to enhance understanding of the interaction of 
forcing factors on water turbidity (SSC) in the east-central portion of the 
Barataria Basin. The objectives for this study are:  
1) Investigate the influence of regional precipitation, river stage, tide, 
wind speed, and wind direction on SSC/water turbidity within the 
east-central Barataria Basin wetlands. 
2)  Investigate whether the SSC/ turbidity in artificial canals differs from 
the turbidity in natural bayous.  
3)  Develop a model to predict the interaction of localized rainfall, river 
stage, tide, and wind on SSC/ turbidity within the east-central 
Barataria Basin.  
1.2 Regional Setting  
 
 1.2.1 Climate -The Barataria Basin is an environmentally forced, micro-
tidal estuary (Boesch et al. 1989). The approximately 1.7 million-hectare basin 
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is bordered on the north and east by the Mississippi River, on the west by 
Bayou LaFourche, and on the south by Barataria Bay and the Gulf of Mexico 
(Figure 1.1).  
 The climate is characterized as warm, humid sub-tropical, with long, 
hot, wet summers and short, mild winters. The Bermuda High Pressure Cell 
(Bermuda High) and Continental Polar (cP) air masses influence the weather. 
The Bermuda High is a quasi-permanent high-pressure system centered over 
Bermuda and the Northern Atlantic Ocean, which advects warm, humid, 
southeasterly winds to the entire southeastern United States, particularly 
during the summer and fall. As these winds flow across the Gulf of Mexico, 
they evaporate and advect moisture inland. Daytime heating of this moist air 
often triggers brief, intense thunderstorms during the summer. 
 Continental polar air masses are a dominant weather feature during the 
winter months. Unsettled, stormy weather results from a clash between warm, 
moist tropical air from the Gulf of Mexico and the cold, dry, polar air. After the 
passage of a cold front, the weather in the region is generally cold and dry, 
with strong northerly winds. 
Rainfall is well distributed throughout the year, with the most intense 
showers occurring during the summer months. The rains are generally heavy, 
brief showers although, gentle rainfall may occur, especially in winter. The 
annual average rainfall for the region is approximately 160 cm (Louisiana 
Office of State Climatology) and although rare, extended droughts do occur.  
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1.2.2 Geology - The Mississippi River dominates the geology of the 
basin. Geologically young sedimentary sequences, deposited in or adjacent to 
the Mississippi River and its deltas, underlie the region. Every 700 to 1000 
years the lower Mississippi River abandons its course and begins to form a 
new lobe of deltaic sediment. Since the early Holocene, the Mississippi River 
has occupied six major delta complexes, four of which underlie the region 
(Figure 1.2):  a) the Teche Delta (~5,500 to 3,800 years BP), b) the St. 
Bernard Delta (4,000 to 2,000 years BP), c) the LaFourche Delta (2,500 to 800 
years BP), and d) the Balize or Modern Delta (1,000 years BP - present) 
(Coleman et al. 1998). 
 1.2.3 Hydrology - Numerous shallow, interconnected bayous, lakes, 
and bays dissect the basin. These waterways are typically less than 2 m deep 
(Conner and Day 1987) and have an elevation at or just above sea level. The 
flow of these sluggish waterways is mainly a function of wind velocity, 
direction, and/or tidal action. Tides within the basin are generally small, with an 
average diurnal range of 32 cm (Baumann 1987). Due to the close proximity of 
the Gulf of Mexico, the greatest tidal range occurs in the lower portion of the 
basin.  
 Artificial canals, generally associated with oil and gas exploration 
activities, carve up the basin. These canals are deeper and straighter than the 
natural bayous of the area. Low spoil banks or levees are often associated 
with the canals and bayous. The banks of the region’s bays and lakes are also 
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often slightly higher in elevation than the surrounding land surface. These 
levees and banks disrupt the hydrology of the marsh by interrupting the natural 
exchange of water and tidal action in the basin (Salinas et al. 1986; Turner 
1987; Boesch et al. 1994). The hydrology of the Barataria Basin and study site 
will be discussed in detail in Chapter 2. 
 
    (Coleman et al. 1998)   
 
Figure 1.2 Louisiana Delta Complexes 
 
1.2.4 Land Loss - The Barataria Basin is experiencing land loss at a 
rate of approximately 28 km2/yr (Barras et al. 1994). The compaction and 
subsidence of the young deltaic sediments account for some of this loss; 
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however, the leveeing of the lower Mississippi is also a major cause of the 
land loss. Historically, the Mississippi River and its distributaries have been the 
major avenue for sediment and fresh water to enter the Barataria Basin. 
 Annual overbank flooding and crevasse splays have supplied large 
amounts of sediment to the basin. Prior to 1900, sedimentation from annual 
overbank flooding occurred at an estimated rate of 1.2 mm/yr/10,000 km2 
(Kesel 1989). Crevasses along the lower Mississippi River contributed 
significant amounts of overbank sediment. Kesel et al. (1992) estimated that 
crevasse splays contributed up to 50 percent of the overbank sediment 
deposited in wetlands adjacent to the lower Mississippi River. In the early part 
of the 20th century, the lower Mississippi River was leveed and Bayou 
LaFourche (Figure 1.1), a major distributary, was dammed, effectively shutting 
off the input of new sediment into the Barataria Basin via crevasses and 
overbank flooding. In addition, the numerous oil and gas exploration and 
navigation canals dredged from 1940s through 1970s (Gosselink 1984) 
accounted for an estimated 30 and 59 percent of the coastal wetland losses 
from 1956-1978 (Turner and Cahoon 1988, Turner 1987).  
1.3 Study Site 
 
The Naomi Freshwater Diversion (Naomi) is located on the right 
descending bank of the Mississippi River at river mile (RM) 64 (103 km) above 
Head of Passes (HOP). The diversion is just north of the town of Naomi, 
Plaquemines Parish, Louisiana (Figure 1.1), which is approximately 29 km 
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south-southeast of New Orleans. The Naomi diversion structure, which is a 
controlled siphon structure, began operation on 3 February 1993. The 
diversion was constructed and is operated by the Plaquemines Parish 
Government (PPG) and the Louisiana Department of Natural Resources 
(LADNR).  
The siphon discharges Mississippi River water into an approximately 
5,630-hectare marsh that serves as the project study site. Waterways and 
levees delineate the project site. Bayou de Fleur and an unnamed pipeline 
canal serve as the northern border; The Pen, a shallow impoundment resulting 
from failed 19th century agricultural practices, serves as the western border, 
while Bayou DuPont and a storm protection levee define the southern and 
eastern borders, respectively (Figure 1.3). The diversion structure is located in 
Plaquemines Parish; however, most of the study site is located in Jefferson 
Parish.  
 Brady Canal and Southern Natural Gas Canal, bisect the study site 
(Figure 1.3). Brady Canal transverses the middle of the study site in an east-
west direction, while the Southern Natural Gas Canal extends in a northeast-
southwest direction across the site from near Bayou DuPont to the flood 
control levee. The site’s natural waterways, Bayous DuPont and de Fleur, and 
Cheniere Traverse Bayou (southeast corner of the site), were distributary  
 
 
 
10
 
 
 
Figure 1.3 Study Site 
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channels of the Mississippi River during the St. Bernard and LaFourche Delta 
periods (Brown and Root 1992). These bayous form minor ridge systems, 
which influence site hydrology by abating the effect of tides and the movement 
of salt water from Barataria Bay.   
The study area has experienced steady land loss since the 1930s, 
losing an average of 2.6 km2 of wetlands per year (Boshart 2003). Natural 
subsidence is a major contributor for much of this loss. Penland and Ramsey 
(1990) estimated the subsidence for the study area to range from 1.1 to 1.29 
cm/yr.  
1.4 Diversion Operation 
 
 The Naomi diversion siphons water from the Mississippi River and 
discharges the water into adjacent wetlands. The diversion complex consists 
of piping, a vacuum system, an outfall channel, a discharge pond, and a 
discharge canal (Figure 1.4). Eight 1.8 m x 790 m welded steel pipes draw 
water from the Mississippi River at an inverted elevation of 1.2 m NGVD 
(Figure 1.5). The pipes cross over the Mississippi River flood protection levee 
and under Louisiana Highway 23 before discharging into an outfall canal, 
thence to a 1.2 m deep, revetted discharge pond. A single 9 m x 1000 m 
discharge canal, located in southwest corner of the pond, conveys water from 
the discharge pond into the project area where it disperses by sheet flow over 
the marsh (Brown and Root 1992).   
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Figure 1.4 Naomi Site Map 
 
 
 The vacuum system is comprised of a trailer-mounted vacuum pump 
that draws a vacuum from the crest of each siphon pipe. The pump then draws 
a vacuum from an adjacent storage tank. Float and check valves vent excess 
dissolved gas that may accumulate at high points in the pipes (Louisiana 
Department of Natural Resources 2002). Flow through the pipes depends on 
the head differential between the river and the ponding area (Brown and Root 
1992).  
  
 
 
13
 
 
                                                  (Boshart 2003) 
Figure 1.5 Naomi Siphon 
 
 The maximum discharge capacity of the Naomi Siphon is 60 cms or 7.5 
cms per pipe. The number of pipes opened or closed depends on the desired  
 discharge. The siphon operates at full capacity for all months except March 
and April, when the siphon operates at 25 percent capacity to minimize 
excessive inundation of marsh vegetation (Brown and Root 1992).  
 Siphon operation has been inconsistent. Since its opening, the siphon 
has been operational roughly 70 percent of the time (Table 1.2). Mechanical  
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Table 1.2 Siphon Non-Operation Dates 
 
Date Date 
Sept 7, 1994 - July 5, 1995 Jun 24 - Jul 13, 2000 
Oct 1, 1995 - Feb 7, 1996 Jul 16, 2000 - Jan 2, 2001 
Sept 9 - Nov 21, 1996 Jan 9 - Feb 5, 2001 
Aug 15, 1997 - Jan 14, 1998 May 23 - 28, 2001 
Feb 27 - Mar 23, 1999 Jun 1 - 21, 2001 
Jun 2 - 30, 1999 Jul 20 - Dec 6, 2001 
Aug 2, 1999 - Mar 7,  2000  
 
problems, low water conditions on the Mississippi River, tropical storms and  
hurricanes, oil spills, and litigation have all contributed to operational down 
time (Boshart 2003). In 2001, the vacuum system underwent extensive repair 
and upgrades; however, priming problems continue to plague the siphon.  
The Naomi Siphon is part of Louisiana’s defense against coastal 
wetland loss. Since 1993, the siphon has intermittently pumped fresh water 
and sediments into the Barataria Basin. The LADNR and PPG continuously 
monitor the discharge and turbidity within a small portion of the basin to 
determine the siphon’s impact on nearby wetlands. According to LADNR, the 
siphon as been effective at decreasing land loss rates in the area. LADNR 
estimated that land loss rates in the area have been reduced from 1.3 percent 
per year pre-construction to 1.0 percent per year post-construction (Raynie 
and Visser 2002).  
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Using data collected by the LADNR and PPG, this study explores the 
influence of the operation of the Naomi Siphon, Mississippi River stage, 
regional rainfall, tide, wind speed and wind direction on the turbidity/SSC in the 
Naomi wetlands. The study will examine the response of turbidity and 
suspended sediment in the Naomi wetlands to the individual forcing factors 
and combinations of the forcing factors through the statistical analysis and 
remote sensing.  
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Chapter 2: Hydrology of the Naomi Wetlands  
 
 Similar to the rest of the Barataria Basin, the hydrology of the Naomi 
wetlands is strongly influenced by tides and wind, which move water and 
suspended sediment though out the wetlands (Byrne et al. 1976). Tide 
circulation within the basin is characterized by clockwise rotation (Wiseman et 
al. 1974) and the tidal range diminishes with distance from the Gulf of Mexico, 
becoming negligible north of The Pen (Byne et al. 1976). Flood tide pushes 
water from Barataria Bay into The Pen and into the canals and bayous of the 
site, increasing water elevations. Water flow reverses during ebb tide and stills 
during the slack period between flood and ebb tide.   
  Wind forcing affects water movement and elevation within the basin. 
Strong southerly wind pushes water northward from the Barataria Bay into The 
Pen and adjacent canals and bayous. Strong northerly wind produces the 
opposite effect.  
 The leveeing of the Mississippi River, the construction of the Barataria 
Bay Waterway (Figure 1.3), just west of the study site, oil and gas activities, 
and the construction and subsequent failure of the levee system around The 
Pen (Brown and Root 1992) have altered the natural hydrology of the study 
site. As previously discussed, the leveeing of the Mississippi River and its 
tributaries prevents overbank flooding into the site; thus, the only source of 
fresh water for the site is rainfall or water from the diversion. Rainfall increases 
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the water volume and elevation in a wetland; consequently increasing the 
velocity of sheet and channel flow (Hughes et al. 1998). Rainfall also 
increases turbidity and resuspends sediment, which may be transported by the 
increased flow.   
Because it is a direct route from the Gulf Intracoastal Waterway 
(GIWW) to the Gulf of Mexico, the Barataria Bay Waterway has allowed 
saltwater intrusion and increased tide levels in the outer regions of the site. 
Similarly, the canals dug during oil and gas exploration and extraction 
activities have also resulted in increased tides and saltwater intrusion in the 
outer portions. Artificial levees, also known as spoil banks, associated with the 
construction of the Brady Canal and the Southern Natural Gas Canal, disrupt 
sheet flow across the marsh surface. The levees interrupt sheet flow of 
sediment-laden water across the marsh surface and redirect this water into 
nearby canals and bayous.   
The construction of levees in the area of The Pen caused the interior 
portions of the area to subside. The failure of the levees resulted in the 
flooding of the area and the creation of The Pen. This large area of open water 
amplifies tidal exchange in the outer regions of the site. The open water also 
increases the effect of wind fetch, thus increasing the amount of water pushed 
out of The Pen into the canals and bayous of the Naomi wetlands.  
Brown and Root (1992) conducted hydrologic modeling of the Naomi 
wetlands. The model predicted the elevation and velocity of sheet flow during 
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various siphon discharge velocities. The model determined that the maximum 
elevation and velocity of sheet flow occurred during maximum siphon 
discharge (60 cms). In general, elevations and velocities decrease with 
distance from the siphon. The maximum water elevation occurs within 10 km 
of the siphon (Brown and Root 1992). Elevations average approximately 12 
cm at a distance 3 km from the siphon and 6 cm at a distance of 6 km. During 
maximum siphon discharge, water velocities range from 0.82 m/s at the outfall 
channel to 0.03 m/s next to Brady Canal (Figure 1.3) (Brown and Root 1992). 
Water velocities are negligible beyond Brady Canal, suggesting that the canal 
spoil banks are effective at disrupting sheet flow.  
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Chapter 3:  Suspended Sediment and Turbidity 
 
 Turbidity indexes amount of organic and inorganic material present in a 
water column. It is an expression of the optical property that causes light to be 
scattered and absorbed rather than transmitted with no change in direction or 
flux level through the sample (Clesceri et al. 1999). Although turbidity does not 
directly measure SSC, a strong positive relationship exists between turbidity 
and suspended solids (R2 = 0.96) (Packman et al. 1999). Therefore, turbidity 
is a surrogate estimate of SSC.  
 The US Geological Survey (USGS) routinely uses the Nephelometric 
Turbidity Unit (NTU) method for determining turbidity. The nephelometric 
method, Standard Method 2130, uses a light source to determine the intensity 
of light scatter within a sample, where the greater the light scatter, the greater 
the turbidity and the greater the SSC. The NTU measurement is commonly 
calibrated against a formazin standard1.  
 Numerous studies involving the fluvial and estuarine turbidity and SSC 
have been conducted (Truhlar 1976; Costa 1977; Gray et al. 2003). Notable 
studies include Uhrich and Bragg’s (2003) work using turbidity to estimate the 
SSC in the upper North Santiam River Basin, Oregon, and Schoellhamer’s 
(2003) continuous monitoring of turbidity and SSC in San Francisco Bay and 
                                            
 
1 Formazin standards contain particle sizes that range from less than 0.1 to 10 microns and 
are stable at dilute concentrations as low as 1 NTU for up to one year (Hach 1998). 
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Delta. Other turbidity/SSC studies have been conducted in Kansas 
(Christensen et al. 2000; Christensen 2002) and Indonesia (Brabben, 1981) 
which support the strong relationship between turbidity and SSC. 
 Grain size strongly influences turbidity (Foster et al. 1992). The 
relationship between SSC and turbidity is especially good when particle sizes 
remain nearly constant (Lewis and Eads 1976). Given that formazin contains 
particles ranging in size from 0.1 to 10 micrometers, which corresponds to clay 
and fine silts, turbidity is best suited for measuring small-grained particles. The 
sediment load discharged into the Naomi wetlands contains approximately 67-
100 percent clay/silt size suspended sediment (Moody and Meade 1991, 
1993) making turbidity is a good estimate of the SSC within the wetlands.  
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Chapter 4:  Forcing Factors 
 
 The movement and concentration of suspended sediment within the 
Naomi wetlands depends upon a number of interacting factors. The most 
obvious factors are the operation of the siphon and the stage of the Mississippi 
River during siphon operation. Generally, the higher the stage of the 
Mississippi River, the greater the suspended sediment load (and the greater 
the turbidity) carried by the river. Hence, the concentration of  
suspended sediment discharging through the siphon is greater during high 
stage than during low stage.  
 The increased suspended sediment load during high stage is illustrated 
in Table 4.1. The table presents the average suspended load of the 
Mississippi River at Belle Chasse, approximately 14 km up stream from 
Naomi, during periods of high stage and low stage. During high river stage, the 
Mississippi River carries considerably more suspended sediment, both sand 
and silt/clay size, than during low stage.   
 
Table 4.1 Average Sediment Load of Mississippi River 
at Belle Chasse, Louisiana (metric tons/day) 
 
 
 
Silt & clay
<63 um 
Sand 
>63 um 
Total 
High Stage 317,500 123,500 441,000
Low Stage 70,000 550 70,550 
         Moody and Meade (1992; 1993) 
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 Rainfall elevates water levels within the wetland; the rainfall facilitates 
suspended sediment movement across the marsh surface. Rainfall also 
generates surface runoff, which can introduce suspended sediment into the 
wetland. Other factors, such as the velocity and direction of wind blowing 
across water bodies and rising and falling tides, influence the concentration 
and movement of suspended sediment within the Naomi wetlands. This 
chapter will discuss each of these forcing factors and their affect on 
suspended sediment and turbidity.  
4.1 River Stage 
 
 The Mississippi River is the dominant hydrologic feature of southeast 
Louisiana. The Mississippi River discharges into the Gulf of Mexico at an 
annual mean rate of 15,360 m3/sec. The mean suspended sediment load in 
Louisiana is estimated to be 6.21 x 1011 kg/yr. (Roberts 1997). The discharge 
and sediment load of the Mississippi River is seasonal (Figure 4.1). The 
sediment load increases with increased discharge in the late winter and spring 
and decreases with decreased discharge in late summer and fall (Mossa and 
Roberts 1990; Demas et al. 1991). During the initial increase in discharge, the 
SSC increases rapidly. However, during periods of peak discharge, the 
sediment supply is often less than the river’s capacity, causing the SSC to 
decrease although discharge continues to increase. In such cases, the SSC 
peaks before discharge (Everett 1971; Wells 1980). 
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Figure 4.1 Seasonal Variations in Discharge (Q) and SSC 
 
 
 The Mississippi River’s suspended sediment load also varies 
significantly with stage (Table 4.1). Mossa (1988) reported that the SSC in  
samples collected near Belle Chasse ranged from 16 to 100 mg/l during low 
stage and from 140 to 750 mg/l during high stage. The US Geological Survey 
(USGS) validated these concentrations during a series of cruises along the 
lower Mississippi River during both high and low river stage. The cruises, 
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conducted in 1987 and 1988, established the mean high stage SSC near Belle 
Chasse as 216 mg/l and the mean low stage SSC as 47 mg/l (Moody and 
Meade 1991; 1993).  
Silt/clay size particles are dominant during both low and high river stage 
(Table 4.1). The silt/clay fraction ranges from 98-100 percent during low stage 
and from 67- 81 percent during high stage (Moody and Meade 1991; 1993). 
The sand fraction is negligible, 0-2 percent, during low stage (Moody and 
Meade 1991; 1993). During high stage, the sand fraction ranges from 19-33 
percent (Moody and Meade 1991; 1993).  
 4.1.1 River-Diversion Interaction - The sediment size distribution 
within the Mississippi River varies with depth (Everett 1971), with the mean 
SSC decreasing by about 5 percent toward the top of the water column (Wells 
1980). Laterally, the concentration of sediment is slightly higher in the central 
portion of the river channel than along the banks. This variation affects the 
size and SSC that is discharged through the diversion structures. Price (1965) 
studied suspended sediment transport at three diversions along the lower 
Mississippi River: Old River Diversion Control Structure and Channel (RM 
312), Old River (RM 302), and Bonnet Carre’ Spillway (RM 128) (Figure 4.2). 
Price concluded that the concentration and size of suspended sediment 
entrained in water diverted from the Mississippi River was generally smaller 
than  the  average   concentration  and  size   of  sediment  found in  the  river;  
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Figure 4.2 Locations of Mississippi River Spillways and Diversions 
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most of the water diverted from the river draws from an isolated part of the 
river’s water column.  
The velocity of water discharging through a diversion also influences 
grain-size and the rate of deposition within a diversion’s receiving basin. As  
indicated by SSC studies of two Mississippi River diversion structures, the  
Bonnet Carre’ Spillway and the Caernarvon Freshwater Diversion (RM 81.5), 
most sediment deposition occurs within 4 km of the diversion structure (Figure 
4.2). Therefore, turbidity decreases with distance from the structure due to 
sediment deposition.  
 The Bonnet Carre’ Spillway is an integral part of the flood control 
program along the lower Mississippi River. A needle-controlled weir regulates 
the flow of water from the Mississippi River through a 27 km2-leveed spillway 
into Lake Pontchartrain. The weir draws from the top 1-2 m of the Mississippi 
River (Maylie 1993). Since its construction in the 1930s, the spillway has been 
opened eight times. Howard and Penfound (1942), studying the 1937 opening, 
determined that sand size material was predominantly deposited within ~3 km 
of the weir; while silt and clay size material dominate after 3 km. Later studies 
by Maylie (1993) and Lane (2003) confirmed the predominance of sand 
deposition closest to the weir.   
 The Caernarvon Diversion structure is a gate-weir structure that diverts 
water from the Mississippi River into the coastal wetlands of Brenton Sound, 
east-southeast of New Orleans. Similar to the deposition pattern of the Bonnet 
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Carre’ Spillway, most of the sediment entering Caernarvon is deposited within 
4 km of the weir (Lane 2003).   
 Caernarvon is located at the site of a former man-made crevasse. The 
crevasse was created in 1927 to lower the elevation of the Mississippi River in 
New Orleans. The 1927 flood was the largest flood event in recorded history. 
The Caernarvon crevasse remained open for approximately 3 months during 
which approximately 9500 cms of sediment discharged into adjacent wetlands 
and up to 30 cm of sediment were deposited (Day et al. 2000). Today the 
Caernarvon diversion discharge averages 282 cms.  
 
4.2 Rainfall 
 
Rainfall is the second forcing factor considered in this study. Since the 
leveeing of the lower Mississippi River in the 1930s and the damming of 
Bayou LaFourche, a former distributary channel, in 1904, rainfall, along with 
discharge from diversion structures, is the only source of fresh water into the 
Barataria Basin. 
Within the basin, major rainfall events have a significant, but short-term, 
effect on the hydrology of the wetlands. Raindrops striking un-vegetated 
wetland surfaces detach sediment, which become entrained in sheet flow 
moving across the marsh surface (Anderson and Mayer 1984; Torres et al. 
2003). The detached and entrained sediment increases water turbidity. 
Studies by Mwamba and Torres (2002) determined that sheet flow averages 2 
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cm in depth and provides some protection from raindrop impact. Vegetative 
cover also protects the substrate from raindrop impact by absorbing some of 
the kinetic energy of the drop.  
Rainfall impact also increases turbidity, by entraining sediment at the 
bottom of shallow lakes, canals, and bayous. Green and Houk (1980) showed 
that raindrops falling into shallow water (<1 cm deep) cause the bottom 
sediments to go directly into suspension. The kinetic energy of raindrops is 
transferred to the bottom of the water column by the downward movement of 
vortex rings associated with raindrop impact (Chapman and Critchlow 1967) 
and by rotational motions associated with the surface capillary-gravity water 
waves also produced by raindrops (Houk and Green 1976). These motions 
displace and resuspend bottom sediment grains resulting in increased 
turbidity.  
 In addition to resuspending sediment and increasing turbidity, rainfall 
increases the water volume and elevation in a wetland (Hughes et al. 1998); 
thus, increasing the velocity of sheet and channel flow. The increased rainfall 
adds freshwater to the existing surface water, which may decrease the 
electromagnetic cohesion between sediment particles and further enhance 
entrainment and turbidity (Mwamba and Torres 2002). The increased velocity 
enables the entrainment of a greater quantity of sediment and larger grain 
size.  
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4.3 Other Forcing Factors 
 
In addition to river stage and rainfall, tide, wind direction, and wind 
speed also influence SSC and turbidity within wetlands. Wind and tide initiate 
suspension, resuspension, and transport of sediments in estuarine 
environments, especially in open pond or bay areas with a large fetch 
(Hakanson 1977; Mwamba and Torres 2002).  
4.3.1 Tide - During flood tide, water rises above the banks of tidal 
creeks and sheet flow occurs over the surface of the adjacent marsh. Sheet 
flow creates shear stress sufficient to overcome the resistive forces of the 
sediment grains and cause grain-by-grain removal and resuspension (Mehta 
et al. 1989). The detached grains become entrained in the water column 
(Nichols and Briggs 1985) increasing water turbidity. The velocity of the water 
decreases as it encounters vegetation, berms, or levees, resulting in sediment 
deposition and a decrease in water turbidity. Wang et al. (1993) determined 
most sediment deposition occurs during flood tide rather than ebb tide in an 
estuarine environment. 
Tidal flow in creeks/bayous has been measured at greater than 50 cm/s 
(Murray et al. 1993). This velocity is sufficient to generate shear values near 
0.02 to 0.07 Pa, which is the minimum value needed for sediment transport in 
marsh environments (Shi et al. 1996; Mwamba and Torres 2002). Sheet flow 
velocity across a marsh surface is generally 10-20% less (Wang et al. 1994).  
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A number of researchers have studied the role of tide and rainfall on the 
resuspension of wetland sediment. Low tide rainfall affects the accumulation 
and redistribution of marsh sediments (Torres et al. 2003), with the first few 
minutes being the most effective at detaching and transporting sediment 
(Mwamba and Torres 2002) and increasing turbidity. Anderson and Meyer 
(1984) determined that rainfall-striking substrates exposed during low-tide 
accounts for 50 percent of the SSC in small estuarine bays. Mwamba and 
Torres (2002) estimated that a single thunderstorm mobilizes greater than 
67,000 kg of sediment for every kilometer of marsh, most of which originated 
as tidal channel bank sediment. Settlemeyer and Gardner (1975), studying the 
effect of low tide storms on salt marsh, estimated that storms during low tide 
increased the SSC in tidal creeks up to three orders of magnitude.  
4.3.2 Wind - Wind speed and direction are significant factors in the 
movement of water within wetlands. In coastal Louisiana, water levels and 
tidal currents are greatly influenced by wind. Strong southerly winds “pile” up 
water along the coast, forcing water into the estuaries and raising water levels 
approximately 0.3-0.5 m above normal. Northerly winds force water out the 
coastal wetlands, dropping water levels 0.3-0.5 m below normal (Reed et al. 
1995). Booth (1999) states that wind blowing at velocities equal to or greater 
than 4 m/s resuspends as much as 50 percent of the upper several 
centimeters of bottom sediment in the shallow lakes in Barataria Basin. The 
direction of sediment movement is dependent on wind direction. Booth (1999) 
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reported that in the Barataria Basin, northerly and southerly winds generate 
the highest rates of resuspension. As little as one cm increase in wave height, 
due to increased wind speed or tide, can significantly increase the SSC and 
turbidity in shallow wetlands (Anderson 1972).   
4.4 Summary of Forcing Factors 
In summary, the Mississippi River plays a key role in supplying 
sediment to the Naomi wetlands. The stage and discharge of the river 
influence the character of the sediment discharged into the wetlands. During 
high river stage, greater concentrations of suspended sediment, with greater 
turbidity values, are discharged into the wetlands, than during low river stage. 
Regardless of river stage, the majority of suspended sediment discharged into 
the Naomi wetlands is clay to silt size, which is the optimal size range for 
producing turbidity readings that most closely reflect SSCs. Accordingly this 
study uses turbidity to estimate the response of the SSC to the various forcing 
factors.   
Localized rainfall, tide, and wind distribute the introduced sediment 
throughout the wetlands by influencing sheet flow and the movement of water 
in local canals and bayous. Rainfall, tide, and wind also detach, resuspend, 
and influence transport of sediment and turbidity in the wetlands.  
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Chapter 5: Methods 
 
Local, state, and federal agencies provided most of the raw data used 
in this project. Using a master database, the units for all data were 
standardized and sorted. Finally, the data were analyzed using statistical 
techniques. This section will discuss each of these steps.  
5.1 Data Sources 
 
The PPG-Water Quality Laboratory collected water samples, for 
turbidity, pH, salinity, temperature, and fecal coliform analysis, from the study 
site on 119 different days from 1993 to 2002. Biweekly sampling of sixteen 
different sampling stations was performed from January 1993 to May 1995 
(Figure 5.1). In October 1995, monthly sampling began and continued until the 
end of the sampling program in 2002. In July 1999, five additional sampling 
stations (SS 60, SS 61, SS 62, SS 63, and SS 64) were added to the original 
16 stations, bringing the total number of sampling stations to 21. A brief 
description of each of the sampling stations is found in Table 5.1. 
The samples were collected from near the water surface using 120 ml 
plastic containers. The samples were placed on ice and a sample log/chain of 
custody (COC) was completed for each day of sampling. The samples and 
COC were transported to the Plaquemines Parish Water Quality Laboratory for 
analysis (Lonny Serpra, Sampler at the Plaquemines Parish  
Water Quality Laboratory, pers. comm.). The COC served as a log of the field  
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Figure 5.1 Sampling Stations 
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Table 5.1 Description of Sampling Locations 
 
Sampling 
Station 
Location Water 
Depth 
m 
Canal 
Width 
m 
Bank 
Height 
m 
Type  
vegetation in 
waterway 
SS 1 
broken marsh adjacent 
to NE Southern Natural 
Gas (SNG) Canal 
<0.3 -- 0.3 Thick cover of hyacinths 
SS 2 dead-end canal off lower end of SNG Canal 0.6 12 0.3 
Hyacinths 
abundant 
SS 3 broken marsh east of bayou 0.3 -- -- 
hyacinths & 
submerged 
vegetation 
SS 4 center of Brady Canal 1.24 12 0.6 
hyacinths & 
submerged 
vegetation 
SS 5 mouth of Bayou DuPont 1.5 27 0.6 
hyacinths & 
submerged 
vegetation 
SS 6 canal off Cheniere Traverse Bayou <0.3 12 0.6 none 
SS 7 
small bayou off 
Cheniere Traverse 
Bayou 
<0.3 6 0.6 none 
SS 8 dead-end canal eastern shore of The Pen 0.6 12 0.9 
hyacinths & 
submerged 
vegetation 
SS 9 SNG Canal, just south of Brady Canal 0.3 12 0.3 
hyacinths & 
submerged 
vegetation 
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Table 5.1 (cont.) 
 
Sampling 
Station 
Location Water 
Depth 
m 
Canal 
Width 
m 
Bank 
Height 
m 
Type  
vegetation in 
waterway 
SS 10 Northern end of Gate Canal near old Wellhead 0.3 12 0.6 
marsh grass & 
submerged 
vegetation 
SS 11 East end of Brady Canal 1.5 12 0.6 
marsh grass & 
submerged 
vegetation 
SS 12 East end of  Brady Canal  1.5 12 0.9 none 
SS 13 SNG Canal north of Brady Canal 0.9 12 0.6 
Light cover of 
submerged 
vegetation 
SS 14 Siphon outfall 4.6 30 1.5 none 
SS 15 Bayou De Fleur 1.2 12 0.6 none 
SS 16 dead-end canal off Brady Canal 1.2 12 0.6 none 
SS 60 Northern end of The Pen 0.9 91 0.3 
hyacinths & 
submerged 
vegetation 
SS 61 Bayou DuPont 0.6 12 0.6 
hyacinths & 
submerged 
vegetation 
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Table 5.1 (cont.) 
 
Sampling 
Station 
Location Water 
Depth 
m 
Canal 
Width 
m 
Bank 
Height 
m 
Type  
vegetation in 
waterway 
SS 62 North central  portion of The Pen 0.9 
3.2 
km 0.6 
hyacinths & 
submerged 
vegetation 
SS 63 South central portion of  The Pen 0.9 
3.2 
km 0.6 
hyacinths & 
submerged 
vegetation 
SS 64 
 
Canal surrounded by 
open water 0.6 12 0.6 
hyacinths & 
submerged 
vegetation 
 
 
analysis conducted and the water samples collected at each sampling 
location. 
The COC is divided into two sections: a general section and a sampling 
location specific section. The general section contains the collection time, 
collection date, tide, and weather conditions. The weather and tide data are 
based on the samplers’ observations at time of sampling; since these are 
subjective, they are not used in this study. The sample location specific 
section contains field data and a list of samples collected for laboratory 
analysis for each location. Field data, generated from analysis conducted 
during sampling, include water pH, salinity (ppt), and temperature (oC). 
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Samples transported to the laboratory were analyzed for fecal coliform 
(MPN/100ml) and turbidity (NTU). Public health officials use fecal coliform as 
an indicator of human fecal contamination in a water body. These data are not 
applicable to this study and will not be discussed.  
Standard Method 2130 was used to analyze the site turbidity samples 
(Shane Burton, Manager, Plaquemines Parish Water Quality Laboratory, pers. 
Comm.). Standard Method 2130, also known as the nephelometric method, 
uses a light source to determine the intensity of light scatter within a sample, 
where the greater the light scatter, the greater the turbidity. These data were 
reported in NTU (Appendix - Raw Data).   
 Louisiana State University’s (LSU) Southern Regional Climate Center 
(SRCC) supplied daily precipitation values (1988-2002) for the Marrero 
Weather Station, which is located approximately 28 km north-northwest of the 
project site (Figure 5.2). Although three weather stations (Marrero, St. 
Bernard, and LSU-Citrus), all with continuous data sets, are located within a 
65 km radius of Naomi, the Marrero station data were used (Figure 5.2). The 
decision to use the Marrero data is the result of a spatial analysis using 
Thiessen polygons, also known as Voronoi cells. The analysis established that 
the entire Naomi study site fell within the Marrero polygon; thus, Marrero best 
represented the rainfall within the study site.  
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Figure 5.2 Naomi and Vicinity 
 
 
 
39
 
 
 Hourly wind speed and direction records were obtained from the 
National Oceanic and Atmospheric Administration (NOAA) - Coastal-Marine 
Automated Network (C-MAN) for Grand Isle, Louisiana (C-MAN Station  
GDIL1). Grand Isle is the closest official weather station with a continuous 
hourly record of both wind speed and direction (Figure 5.2).  
Tidal data used in the study are from NOAA’s Manilla Gauge, closest 
official NOAA gauge, located 30 km south of the site (Figure 5.2). It was 
necessary to calculate the high and low tides for the Manilla gauge using 
NOAA’s Pensacola gauge as a reference. The daily high tide is calculated by 
adding 48 minutes to the Pensacola high tide value; while the low tide is 
calculated by adding 2 hours 24 minutes to the Pensacola low tide. The 
Pensacola data are from the US National Ocean Service’s “High and Low 
Water Predictions: East Coast of North and South America, including 
Greenland” publications from 1993 to 2002.  
The study uses daily Mississippi River stage readings from the US 
Army Corps of Engineers (USACOE), New Orleans District. The readings are 
from the Alliance Gauge (No. 01390), which is located at RM 62.5, 
approximately 2.4 km downriver from the Naomi Siphon (Figure 5.2). The data 
set consists of daily stage values for the period 1971-2001. 
5.2 Categorization 
 
5.2.1 Data - Since one of the objectives of this research was to 
determine the effect of river stage and rainfall on the turbidity/suspended 
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sediment within the wetlands, it is necessary to determine the stage of the 
Mississippi River and the amount of rainfall that fell on each of the sampling 
days. River stage was divided into high stage and low stage, with high stage 
being any stage at or above bankfull. An interpolation of USACOE bankfull 
stages at five locations (Bonnet Carre’ (RM 128.0; 206 km), New Orleans-
Carrollton (RM 102.8; 165.4 km), Chalmette (RM 91.0; 146.6 km), West Point 
a la Hache (RM 48.7; 78.4 km), and Empire (RM 29.5; 47.4 km)), along the 
lower Mississippi River was used to determine the Naomi bankfull stage 
(Figure 5.2). At Naomi a daily stage greater than or equal to 1.5 m was 
established as high stage, while low stage was established as less than 1.5 m 
(Table 5.2). 
 
Table 5.2 River Stage Categories 
 
Categories River Stage - (m) 
High ≥ 1.5 
Low < 1.5 
 
Rainfall was separated into two data sets: rainfall and no-rainfall. Days 
having any measurable rainfall were placed in the rainfall category. The 
decision to combine all days during which rainfall occurred into one category, 
i.e., rainfall, regardless of rainfall intensity, is based on the limited number of 
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days for which rainfall fell. Days with zero rainfall were placed in the no-rainfall 
category.  
 Next, the average wind speed and wind direction on the sampling days 
was extracted from the NOAA C-MAN Grand Isle data. The u-component and 
v-component were calculated using the wind speed and wind direction during 
the sampling periods. The u and v wind components are vectors that combine 
magnitude (wind speed) and direction (wind direction). The u-component 
represents the west to east wind vector. The v-component represents the 
south to north wind vector. 
The tidal condition for each sampling day was determined using the tide 
data from the Manilla tide gauge and the “start” and “end” time for each day of 
sampling. The sample times were extracted from the chain of custodies. The 
tidal data were divided into flood tide and ebb tide, based on tidal conditions 
during each sampling period.  
The PPG conducted site-sampling activities regardless of siphon 
operation; therefore, site turbidity data are available for both periods of 
discharge and for periods of no siphon discharge. The siphon operation for 
each sampling day was determined using unpublished data supplied by 
William Boshart of the Louisiana Department of Natural Resources.  
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 5.2.2 Zones – In order to analyze the effect of distance on SSC, the 
research site was divided into four concentric zones centered on the siphon 
structure (Figure 5.3). The zones were evenly spaced at three km intervals.  
The decision to use 3 km wide zones was based on the distribution of site 
sampling stations and the results of a hydraulic model conducted by Brown 
and Root in 1992. The Brown and Root model suggested water velocities 
rapidly decreased with distance from the siphon, such that by 3 km the water 
velocities were negligible.  
 Zone 1, which receives direct discharge from the siphon, is the smallest 
of the four zones, occupying roughly 500 ha or 9 percent of the study site. 
Canals extend approximately 2.3 km through the extreme southern portion of 
the zone, while an unnamed bayou, roughly oriented in a east-west direction, 
extends in a approximately 1.4 km through its center. These numbers 
represent roughly 4 percent of the study site’s total canal length and roughly 8 
percent of the total length of the site’s bayous. Zone 1 has a mean salinity of 
less than 1 part per thousand (ppt) during periods of both siphon discharge 
and no discharge (LADNR 2003). The zone contains three sampling stations: 
SS 3, SS 12, and SS 14 (Table 5.3). Sampling station 14 is located at the 
siphon outfall canal, SS 12 in a canal in the southern part of the zone and SS 
3 is in the zone’s only natural waterway (Figure 5.3). 
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Figure 5.3 Zones 
 
 
 
44
 
 
 Table 5.3 Zones 
 
Zone Sampling Stations 
Zone 1 SS 3, 12,14 
Zone 2 SS 1, 2, 4, 10, 13, 15,16 
Zone 3 SS 6, 7, 8, 9, 11, 64 
Zone 4 SS 5, 60, 61, 62, 63 
 
 Zone 2 is the second largest zone, occupying roughly 1,600 ha or 29 
percent of the study site. Two large canals, Brady Canal and Southern Natural  
Gas Canal, laterally bisect the zone. These canals are approximately 26 km in 
combined length and represent approximately 42 percent of the site’s total 
canal length. Two bayous are located in the extreme northern and southern 
regions of the zone. Bayou de Fleur to the north and Cheniere Traverse Bayou  
to the south, flow a combined length of approximately 4.7 km. An area of 
ponding, roughly 1 km2 in size, is evident in the zone’s northeast sector. Zone 
2 contains seven sampling stations: SS 1, SS 2, SS 4, SS 10, SS 13, SS 15, 
and SS 16 (Table 5.3). Sampling station 15 is located within Bayou de Fleur 
(Figure 5.3). The remaining sampling sites are in or immediately adjacent to 
canals. Boshart (2003) reported mean salinities within the zone as less than 1 
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ppt during periods of both siphon discharge and no discharge. SS 10, located 
near Cheniere Traverse Bayou, is an exception with mean salinities ranging 
from 1-2 ppt.     
 Zone 3, the largest of the site’s zones, occupies approximately 2000 ha 
or 36 percent of the study site. The zone contains large areas of ponding 
(~115 ha) in the southern region near Cheniere Traverse Bayou and Bayou 
Dupont and roughly a quarter (~575 ha) of The Pen falls within the zone. 
Approximately 46 percent of the site’s total canal length is within Zone 3. 
Cheniere Traverse Bayou and a small portion of Bayou DuPont are in the 
southern area and a small-unnamed bayou, discharging into The Pen, is 
located to the north. The combined total length of these bayous is 
approximately 5 km. Zone 3 contains six sampling stations: SS 6, SS 7, SS 8, 
SS 9, SS 11, and SS 64 (Table 5.3). Of the six stations, only SS 7 is located 
within a bayou (Figure 5.3). The remaining sampling stations are located 
within canals. The mean salinity ranges from 1.5 - 2 ppt during periods of no 
discharge and between 0.5 - 1 ppt during discharge (Boshart 2003). Bayou 
DuPont and The Pen have higher salinities than the rest of the study site, 
because these two waterways serve as conduits for salt water into and out of 
the intermediate and brackish areas of the study site.  
 Zone 4 is the outermost zone, containing approximately 1500 ha or 
roughly 26 percent of the site. Most of the zone is open water, with 
approximately two-thirds of The Pen found in the northern half of the zone. 
 
 
46
 
 
The remaining portions of the zone are bisected by Bayou DuPont, which is 
approximately 7 km long and numerous small canals, which are approximately 
5 km in total length. Zone 4 contains five sampling stations: SS 5, SS 60, SS 
61, SS 62, and SS 63 (Table 5.3). Stations SS 60, SS 62, and SS 63 are 
located within The Pen; while, SS 5 and SS 61 are found within Bayou DuPont 
(Figure 5.3). Zone 4 has the greatest mean salinity of the four zones, ranging 
from 2.5 ppt without siphon discharge to 1 ppt during discharge (Boshart 
2003). 
5.2.3 Canals and Bayous - In order to determine whether the turbidity 
in artificial canals differ from the turbidity in natural waterways, the sampling 
stations were sorted according to their location. If a station was located in a 
canal, it was placed into the canals category. Similarly, stations located in 
bayous were placed into the bayou category. Eleven stations were found in 
canals: SS 2, SS 4, SS 6, SS 8, SS 9, SS 10, SS 11, SS 12, SS 13, SS 14, 
and SS 16 (Figure 5.3 and Table 5.4). Five stations were found in bayous:  SS 
3, SS 5, SS 7, SS 15, and SS 61 (Figure 5.3).  
 
Table 5.4 Waterway Sampling Stations 
 
Water body Sampling Stations 
Canals SS 2, 4, 6, 8, 9, 10, 11, 12, 13, 14, 16 
Bayous SS 3, 5, 7, 15, 61 
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 5.2.4 Open Water – Since The Pen occupies roughly a fourth of the 
study site and contains three sampling stations, the effect of river stage, 
rainfall, tide, and wind on SSC in open water is examined. Two sampling 
stations, SS 62 and SS 63, are found in the central portion of The Pen (Figure 
5.3). SS 60 is located in the north-central section, where Bayou LaTour 
discharges into The Pen.   
 In summary, the site is divided into four zones, which represent distinct 
areas. Zone 1 receives direct discharge from the siphon. Zone 2 is laterally 
divided by two large canals. Zone 3 is located on the downflow end of the 
large canals; it also contains larges areas of open water. Finally, Zone 4 is 
predominantly open water. 
 Turbidity values, collected over a period of ten years, were used in 
conjunction with siphon discharge, river stage, rainfall, tide, and wind data to 
explore the behavior of site turbidity/suspended sediment in the Naomi 
wetlands. For each of the days on which turbidity readings was collected, the 
stage of the river, amount of rainfall, tide level, wind speed, and wind direction 
were also determined. The spatial and statistical analysis of these data to 
determine relationships between the forcing factors of site turbidity/SSC will be 
discussed in subsequent chapters.   
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Chapter 6: Qualitative Analysis 
 
 
 A qualitative analysis of aerial photographs of the study site was 
conducted to determine the spatial distribution of turbidity levels/SSC within 
the wetlands during different forcing events. In very general terms, light 
striking the surface of a water body will be either absorbed, reflected, or 
transmitted. The degree to which light is absorbed or reflected depends upon 
the amount of impurities present in the water and angle. Clear water will 
absorb more light than turbid water, which will reflect light. Using this principle 
of absorption, reflection, and transmission, clear and sediment-laden water 
can be readily distinguished using aerial photography, particularly on color 
infrared aerial photography or natural color (Gao and Oleary 1997).  
 In aerial photographs, clear water appears dark, i.e., absorbing or 
transmitting more light, while sediment-laden water is a lighter color, because 
it is reflecting more light. Therefore, for a given area, the greater the SSC, the 
greater the reflectivity, and the lighter the area will appear on aerial 
photographs. Relative turbidity, i.e., SSC, such as high, medium, low, may be 
determined, where the low concentrations of suspended sediment appear 
darker than areas of high SSC.  
The accuracy of the SSC estimated from remotely sensed data is 
based on the correlation of the SSC within the water body and its reflectance 
recorded in the remotely sensed data (Gao et al 1997). Studies by Mertes et al 
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(1993) and Jensen et al (1989) successfully predicted the spectral/sediment 
relationship using spectral enhancement, multi-spectral techniques. 
Laboratory studies determined that the concentration of suspended sediment 
in water can best be determined within the spectral range of 4.5 to 9.0 microns 
(visible to near infrared) (Choubey et al 1991; Novo et al 1993, Lohdi et al 
1997).  
 Using these principles of light interaction with water, the movement and 
relative concentration of the suspended sediment within the study site was 
established using three sets of aerial photographs, each set representing 
different site conditions (Table 6.1). The photographs were used to illustrate 
the SSC during various combinations of the forcing factors.  
 
Table 6.1 Data Summary 
 
Date 
Flown 
Format Scale Discharge Stage Rainfall 
12/27/94 Panchromatic- 
visible 
1:30000 No Low None 
4/8/96 Panchromatic-
visible 
1:19200 Yes High None 
1/24/98 CIR 1:40000 Yes Low None 
  CIR - color infrared 
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6.1 Data Preparation 
 
The 24 January 1998 photographs were obtained from the USGS 
National Wetlands Research Center in a color positive format. The color 
positives were digitized using a Microteck® Scan Maker 9600XL scanner and 
Scan Wizard Pro®, a commercial scanning software package. The positives 
were scanned at resolution of 400 dots per inch (dpi) and RGB colors. The 
scanned images were saved as .tif files to maintain maximum data integrity.  
Using the remote sensing software program, Imagine®, the .tif images 
were imported and saved as Imagine® (.img) files. Next, the images were 
geo-rectified to 1998 Louisiana Digital Ortho Quarter Quads (DOQQs). The 
DOQQs represent the Phoenix, Bertrandville, Lafitte USGS 7.5 minute 
topographic sheets.  
A minimum of 12-ground control points (GCPs) were used to rectify 
each image. Generally, fixed manmade objects, such as bridges, dams, roads, 
etc., were used as reference points. Alternately, intersections of small water 
bodies were used as reference points in remote areas of the study site. The 
Root Mean Square (RMS) for each rectified point on each image was less 
than one pixel. Finally, each rectified image was re-sampled using the nearest 
neighbor technique, which ignored zeros. The rectified images were then 
mosaicked in Imagine®. 
The 27 December 1994 and 8 April 1996 panchromatic black and white 
(BW) photographs were obtained from the US Army Corps of Engineers - New 
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Orleans District. Hard copies of the photographs were scanned using a 
Canon® NG760U scanner and CanoScan® scanning software. The images 
were scanned at resolution of 400 dpi and the scale of the photographs was 
not altered during scanning. The scanned images were saved as .tif files to 
maintain maximum data integrity. 
The scanned black and white images were converted to .img files and 
geo-rectified using the spatial software program, ArcView - Image Analysis®. 
The black and white images were geo-rectified to 1998 Louisiana Digital Ortho 
Quarter Quads (DOQQs). A minimum of 6-GCPs were used to rectify each 
image. Generally, fixed manmade objects, such as bridges, dams, roads, etc., 
were used as reference points. Alternately, intersections of small water bodies 
were used as reference points in remote areas of the study site. The Root 
Mean Square (RMS) for each rectified point on each image was less than one. 
Finally, each rectified image was re-sampled using the nearest neighbor 
technique, which ignored zeros. The rectified images were then mosaiced 
using ArcView - Image Analysis®. 
6.2 Image Analysis   
 Since Panchromatic images are very difficult to classify and because 
black and white aerial photography readily lends itself to visual interpretation 
of clear versus sediment-laden water, pixel classification was not conducted 
on the black and white images. However, pixel classification was conducted 
on the CIR mosaic photograph.  
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 The first image, dated 27 December 1994, shows turbidity conditions 
when the siphon is not in operation, during Mississippi River flood stage, and 
no rainfall (Figure 6.1). As indicated by the dark colored water in the discharge 
channel, outfall basin, and adjacent marsh, turbidity in these areas is very low, 
as compared to the lighter colored, i.e., very turbid, water of the Mississippi 
River.   
 The 8 April 1996 photograph shows site conditions during siphon 
operation, high river stage, no rainfall, rising tide, and light, westerly winds 
(Figure 6.2). The light-colored, sediment-laden, turbid water is clearly visible in 
the discharge channel, outfall basin, and adjacent marsh. Sediment-laden 
water is visible in the canals that radiate outward from the outfall basin. These 
figures confirm the T-test analysis (Section 7.1), where during high river stage 
and siphon discharge elevated SSC are present in Zones 1 and 2 and in the  
site’s canals, but not in Zones 3 and 4. 
The last photograph, dated 28 January 1998, is the CIR photograph, 
which shows site conditions during siphon operation, low river stage, no 
rainfall, falling tide, strong, westerly winds (Figure 6.3). Since CIR photography 
lends itself to spectral analysis, site turbidity, i.e., SSC, were classified.  
Using Imagine®, spectral signatures were developed from the CIR 
mosaic with unsupervised algorithms. The image was classified from the 
unsupervised signatures using a maximum likelihood 
 
 
 
53
 
 
    
 
Low Turbidity  
 
High Turbidity 
 
Boundary  
Figure 6.1 Study Site: Siphon Not Operating 
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Low Turbidity  
 
High Turbidity 
 
Boundary 
Figure 6.2 Study Site: Siphon Operating,  
High River Stage, No Rainfall, Rising Tide, Westerly, Light Winds 
 
 
55
 
 
 
Low Turbidity  
 
High Turbidity 
 
Boundary 
Figure 6.3 Study Site: Siphon Operating, 
Low River Stage, No Rainfall, Ebb Tide, Strong Westerly Winds 
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decision rule. The output of the maximum likelihood decision rule was recoded 
to create land/water categories creating a binary mask, i.e., land and water. 
The image was filtered to reduce the salt/pepper effect caused by noise. The 
classes were clumped and areas less than 2250 pixels were eliminated. The 
filtered image was used as a mask to extract water bodies. An unsupervised 
classification2 was performed on the masked image, using 50 categories. The 
classes in the final image were merged, based on visual breaks (thresholds), 
to produce five final classes: high SSC, medium SSC, low SSC, very low SSC, 
and land (Figure 6.4).  
 As shown in Figure 6.4, suspended sediment is confined to the 
discharge channel, outfall basin, and adjacent marsh. Suspended sediment 
from Bayou Barataria is being discharged into The Pen at high concentrations. 
The canals and bayous contain very low SSCs. 
 The spatial analysis of the remotely sensed data characterizes the 
response of turbidity and suspended sediment to some of the forcing factors.  
 
                                            
 
2 Unsupervised classification is a computer-automated method for recognizing patterns or 
clusters within multi-spectral data by means of user specified algorithms. The algorithms 
uncover and categorize statistical patterns that are inherent to the data. The pixels with similar 
spectral values are clumped together and the user assigns class labels to the clumps.  
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Figure 6.4 Suspended Sediment/Turbidity Spatial Distribution:  
Siphon Operating, Low River Stage, No Rainfall, Ebb Tide,  
Strong Westerly Winds 
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The difference in SSC is clearly shown in Figures 6.1, 6.2, and 6.3. 
These images illustrate the effect of siphon discharge and river stage on the 
turbidity within the site. Figure 6.1 shows low turbidity, indicated by the dark 
colored water, in the inner portions of the study site when the siphon is not in 
operation. The discharge channel, outfall basin, and adjacent marsh all appear 
black, compared with the light grey color of the highly turbid Mississippi River. 
 In contrast, during siphon operation the water in the inner areas of the 
site are approximately the same color as the Mississippi River (Figures 6.2. 
and 6.3). The turbidity levels/SSCs are much greater in discharge channel, 
outfall basin, and adjacent marsh when the siphon is operating.   
 The response of turbidity to the stage of the Mississippi River is shown 
in Figures 6.2, 6.3 and 6.4. During low river stage (Figures 6.3 and 6.4), the 
high turbidity and suspended sediment levels are confined to marsh in the 
inner portion of the site, near the outfall canal. There is little evidence of 
turbidity in Brady Canals and in the Southern Natural Gas Canal. In contrast, 
during high river stage conditions (Figure 6.2), turbid water is noticeable 
throughout the site. The turbidity levels within the inner marsh appear to be 
similar to the levels found in the canals and bayous. This sharp contrast in the 
extent of turbidity within the wetlands during high stages of the river compared 
to low river stages, suggests the stage of the Mississippi River plays a critical 
role in supplying sediment to the site.  
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 The role of the other forcing factors, rain, tide, and wind, cannot be 
readily discerned from the imagery; due to a lack imagery displaying site 
turbidity conditions during various combinations of these forcing factors. The 
role of these factors, along with siphon discharge and river stage, is further 
investigated in Chapter 7 using statistical analysis.  
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Chapter 7:  Statistical Analysis 
 
The effects of river stage, rainfall, tide, and wind forcing on the 
suspended sediment/ turbidity in the Naomi wetlands was explored using 
statistical techniques. The results of these statistical analyses are discussed 
below.  
7.1 Individual Factors 
 
 The response of the suspended sediment, as represented by turbidity, 
to the individual forcing factors, was explored using T-tests and correlation 
analyses. Specifically, T-tests were used to analyze the association between 
site turbidity and discharge, rainfall, river stage, and tide with the variables 
taken two at a time. The t-tests compared the mean site turbidity values during 
periods of siphon discharge and no discharge; during high river stage and low 
river stage; during periods of rainfall and periods of no rainfall, and during 
flood tide and ebb tide (Table 7.1). The t-test determined the statistical 
significance of difference in turbidity within each group. Correlations were used 
to determine the effect of wind on the site turbidity (Table 7.2). 
Table 7.1 T-Test Variables 
 Variables 
Siphon Discharge discharging not discharging 
River  Stage high stage low stage 
Tide flood tide ebb tide 
Rainfall no-rainfall rainfall 
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Table 7.2 Correlation Variables 
 Variables 
Wind u-component* v-component** 
*  u-component = represents the west to east wind vector  
** v-component = represents the south to north wind vector  
 
 7.1.1 Discharge, Stage, Rainfall, and Tide – Distance from the siphon 
and the presence of spoil banks and canals clearly influences the response of 
SSCs to the individual forcing factors in the wetlands. SSCs are greatest 
closest to the siphon and decrease with distance away from the siphon. The 
inner areas of the study site exhibit the greatest turbidity readings when the 
siphon is discharging and when the Mississippi River is at flood stage (Figure 
7-1; Figure 7-2). The innermost areas, Zones 1 and 2, show turbidity readings 
of 17 Nephelometric Turbidity Units (NTU) (t (103) = 6.002, p=0.00) and 8.5 
NTU (t (103) = 4.175, p=0.00), respectively, higher when the siphon is 
discharging compared to when the siphon in not in operation (Figure 7.1). The 
increased turbidity values reflect the increased SSCs that occur in these zones 
when the siphon is in operation. The outer zones, Zones 3 and 4, show no 
significant change in turbidity regardless of siphon operation (Figure 7.1). The 
decrease in suspended sediment is attributed to the distance of Zones 3 and 4 
from the siphon. Little sediment is reaching the outer zones, because  
 
 
 
62
 
 
Zone 4Zone 3Zone 2Zone 1
M
ea
n 
Tu
bi
di
ty
 N
TU
50
40
30
20
10
Siphon Discharge
w /o Discharge
w / Discharge
1718
22
31
16
141414
 
Figure 7.1 Effect of Siphon Discharge  
on Turbidity in the Zones 
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Figure 7.2 Effect of River Stage  
on Turbidity in the Zones  
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sedimentation is occurring in the inner zones closest to the siphon and 
because of spoil banks in Zone 2 that block the sheet flow of sediment-laden 
water to these areas.  
 Zones 1 and 2 contain a number of canals, such as Brady Canal and 
Southern Natural Gas Canal, which have spoil banks that range from 0.3 - 1.0 
m in elevation. As indicated by the Brown and Root (1992) hydraulic model, 
these spoil banks impede sheet flow and confine the flow to limited areas. The 
spoil banks also decrease the down-flow turbidity by as much as 50 percent. 
Sampling stations 4 and 16, located on the up-flow side on Brady Canal, have 
average turbidity values of 22 and 24 NTU, respectively. Sampling Site 10, 
located on the down-flow side of Brady Canal, has an average turbidity of 13 
NTU. The difference in the turbidity values on the up-flow side of the canal 
compared to the turbidity values on the down-flow side demonstrates the 
effectiveness of the spoil banks at disrupting and containing sheet flow. The 
effect of the spoil banks on sediment transport is clearly visible in the aerial 
photographs discussed in Chapter 6 (Figures 6.2 and 6.3). 
 Sheet flow is diverted into canals through gaps in the spoil banks. Once 
this water is diverted, it is contained within the channel and quickly dispersed 
toward The Pen, instead of flowing across the marsh. This movement is 
reflected in Figure 6.2 and in the turbidity data, where the turbidity within the 
canals is higher during siphon discharge (Figure 7.3). The turbidity in the 
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Figure 7.3 Effect of Siphon Discharge on Turbidity  
in the Canals, Bayous, and Open Water 
  
canals is roughly 8 NTUs (t (101) = -5.489, p=0.000) greater during siphon 
operation. Most of the sediment-laden water is routed to the canals by passing 
the bayous. This relationship is confirmed by the turbidity values in the bayous 
and open water, which are not affected by the operation of the siphon.  
 Similarly, the turbidity concentrations in the inner areas and in the 
canals are significantly greater during flood stage than during low stage 
(Figures 7.2 and 7.4). The outer zones do not exhibit a significant change in 
concentration regardless of river stage. Zone 1 has a turbidity reading that is 
14 NTUs greater at flood stage than during low river stage. Zone 2’s turbidity 
reading is slightly less, but still greater (8 NTU (t (103) = 
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Figure 7.4 Effect of River Stage on Turbidity  
in the Canals, Bayous, and Open Water 
 
 
4.049, p=0.00) at high river stage than during low river stage. Turbidity 
readings in the canals are 8 NTUs (t (103) = 3.960, p=0.000) greater during 
high stages of the Mississippi River than during low stages. These elevated 
turbidity concentrations during flood stage are due to the increased sediment 
load of the Mississippi River during high stage. During high stage, water 
discharging into the site contains a roughly 27 percent greater SSC than 
during low stage; therefore, more suspended sediment (and a higher turbidity) 
is available for discharge into the wetlands when the Mississippi River is at 
flood stage. The Zone 2 spoil banks route sediment-laden water into the 
canals. 
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 Although the turbidity readings are larger across the entire study site 
during rising tides, only Zone 1 exhibits a significant, although modest, 
difference in turbidity concentration between flood and ebb tides (Figure 7.5). 
The highest Zone 1 turbidity readings occur during flood tides (t (103) = 2.014, 
p=0.047). Although the actual range or effect of tides is stronger in the outer 
zones, due to their proximity to The Pen and Barataria Bay, the outer zones do 
not contain as much readily available sediment as Zone 1. This phenomenon 
is evident in the site turbidity readings, which are greatest in Zone 1 and 
rapidly decrease through Zone 4 (Figure 7.5).   
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Figure 7.5 Effect of Tide on  
Turbidity in the Zones  
 
 The response of turbidity to tides in the canals and bayous differ (Figure 
7.6). The canals exhibit an increase (6 NTU) in turbidity during rising tide (t 
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(103) = 1.846, p=0.06); however, tides cause no significant change in the  
turbidity in the bayous. The sinuosity of the bayous appears to be damping the 
range of tides within the site. Due to their linear nature, damping does not 
occur as effectively in the canals. Instead, the tidal heights are actually 
increased by the canals’ channels, causing water to rise above the banks of 
canals and sheet flow over the surface of the adjacent marsh.  
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Figure 7.6 Effect of Tide on Turbidity  
in the Canals, Bayous, and Open Water 
 
 Although site turbidity readings were greater during periods of rainfall 
(Figure 7.7; Figure 7.8), there is no significant difference between the turbidity 
concentration during periods of rainfall and during periods without rainfall. 
These results are most likely due to the rainfall category data set constraints.  
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Figure 7.7 Effect of Rainfall on  
Turbidity in the Zones 
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Figure 7.8 Effect of Rainfall on Turbidity  
in the Canals, Bayous, and Open Water 
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Since these rainfall results contradict published sediment studies discussed in 
Chapter 4, the impact of cumulative rainfall amounts was examined. Two-, 
three- and four-day total rainfall amounts were subjected to T-test analysis, 
with no change in the results. Therefore, it is concluded that rainfall alone does 
not affect the site turbidity concentrations. 
7.1.2 u- and v-Wind Components – Individually, the range of wind 
forcing seen during the observation period does not affect site turbidity. No 
significant correlations (α = 0.05) between the u - wind component and v - 
wind component and site turbidity were identified during the correlation 
analysis.  
Marsh vegetation occupies the majority of the inner zones. Thick mats 
of water hyacinths and submerged aquatics are present in the canals and 
bayous, and areas of open water such as The Pen. A lack of correlation 
suggests that the vegetation is dampening the effect of wind on sediment 
movement throughout the site and the resuspension of sediment in the open 
waterways.  
7.2 Multiple Factors 
 
The response of site turbidity to the various forcing factors was 
modeled using regression analysis. The turbidity values represent the 
dependent variable (y), while rainfall, river stage, tide, and u/v-wind 
components represent the pool of potential independent variables (x) for all 
regressions. The problem of multicollinearity, which is the existence of high 
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correlations between the independent variables, was minimized using a 
stepwise regression model. The Durbin-Watson Statistic (DW), which is a 
measure of the degree of serial autocorrelation, was calculated for each 
regression. If the DW statistic indicated positive or negative autocorrelation, 
the model was rejected because of the violation of the assumption of no serial 
autocorrelation. 
 First, the relationships between siphon discharge and stage, rainfall, 
tide, and wind were explored. Validating the spatial analysis and T-test results, 
the regression analysis indicates a relationship between the turbidity in Zones 
1 and 2 and the discharge and the stage of the Mississippi River. During 
siphon discharge, the stage of the Mississippi River slightly influences the 
turbidity in Zones 1 (R2 = 0.110) and 2 (R2 = 0.213) and in the canals (R2 = 
0.110); however, the turbidity in Zones 3 and 4 and in the bayous and open 
water appear to be unaffected. These findings are due to several reasons. 
First, during siphon discharge sediment-laden water is being introduced into 
the site, which increases the turbidity. When the siphon is not in operation, 
new sediment is not being introduced. Second, the suspended sediment load 
of the Mississippi River fluctuates according to discharge and stage, with 
generally the higher the discharge/stage the greater the SSC and greater the 
turbidity. Therefore, siphon discharge during a high river stage should have a 
greater SSC and turbidity than during low river stage. Finally, the spoil banks 
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associated with Brady Canal directs sheet flow into the canals, preventing the 
sediment-rich sheet flow from reaching Zones 3 and 4. 
 Due to the low R2 values for the individual variables, regressions were 
also performed using various combinations of the forcing factors during times 
of different rates of siphon discharge (no-discharge, moderate discharge 
(<29.99 cms), and high discharge (>30 cms)) and different amounts of rainfall 
(no-rain, light rain (0.01-1.27 cm) and heavy rainfall (>1.27 cm)). The siphon 
discharge categories are based on categories used by the Louisiana 
Department of Natural Resources - Coastal Management Division to study the 
Naomi siphon (Boshart 2003). The value of 30 cms represents one-half of the 
total discharge capacity of the siphon.  
 The 30-minute mean rainfall for the Naomi region is 4.5 cm. However, 
the raw data set contained only six cases for which rainfall was above 4.5 cm. 
A clear division occurs in the data set at 1.27 cm of rain. Eleven cases have 
rainfall between 0.01 and 0.58 cm and eleven cases have rainfall equal to or 
greater than 1.27 cm of rain. The remaining cases have a rainfall of zero cm. 
This threshold justifies categorizing the rainfall data set.  
 Several combinations of the forcing factors were analyzed. The data 
were split according to siphon discharge and subdivided according to river 
stage. Regressions using rainfall, tide, u-component, and v-component as 
independent variables were conducted (Table 7.3). The data were next 
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subdivided according to rainfall, and regressions using river stage, tide, and u- 
and v-component as independent variables were conducted (Table 7.3). 
Table 7.3 Regression Variables 
 No Discharge Discharge 
High Stage 
rain 
tide 
u/v-component 
rain 
tide 
u/v-component 
Low Stage 
rain 
tide 
u/v-component  
rain 
tide 
u/v-component 
   
No Rain 
stage 
tide 
u/v-component 
stage* 
tide 
u/v-component 
Rain <1.26 cm 
stage 
tide 
u/v-component 
stage* 
tide* 
u/v *-component 
Rain >1.27 cm 
stage 
tide 
u/v-component 
stage 
tide 
u/v-component 
* Significant variable 
 
 The regressions using rainfall, tide, u/v-wind components as the 
independent variable(s) controlling for river stage yielded no significant results. 
The regression results that controlled for rainfall sharply were divided. Periods 
of no- and light (0.01-1.26 cm) rainfall in all areas of the site, except for the 
open water category, generated significant models. No significant models 
were generated for periods of heavy rainfall (>1.27 cm), suggesting that 
rainfall data set constrains are effecting the regression.  
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 Discharge, light rainfall, river stage, tide, and southerly winds have the 
greatest influence on the turbidity in the zones. The strongest relationships are 
found in the mid- to outer zones, where these factors account for 98.5% of the 
variability of the turbidity levels in Zone 2, 97.7% of the variability for Zone 3, 
and 99.3% of the variability in Zone 4. These factors also account for some of 
the turbidity variability in Zone 1; however, the amount of variability is minimal 
(R2 = 0.149). 
 Tide and wind do not significantly affect the turbidity in the canals or 
bayous. Here the turbidity levels are explained by discharge, light rainfall, and 
river stage, yielding R2 values of 0.688 for the canals and 0.649 for the 
bayous. These results are a function of sediment availability, water depth and 
velocity, and sheet flow channeling.  
The best-fit regression equations for site turbidity are presented below:  
Siphon Discharging and no-rainfall: 
Zone 1: 
¾ x =  21.014 + 8.089 (stage in m) + -4.412 (tide in m) +  
     -0.934 (v-wind) 
Siphon Discharging and light rainfall (0.01-1.26 cm): 
Zone 2:   
¾ x = 55.814 + 1.963 (stage in m) + -17.645 (tide in m) +  
   -4.725 (v-wind) 
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Zone 3:  
¾ x = 44.477 + 2.179 (stage in m) + -15.818 (tide in m) + 
    -2.415 (v-wind) 
Zone 4:  
¾ x = 57.0257 + -3.786 (stage in m) + -14.521 (tide in m) +  
   -4.115 (v-wind) 
During Siphon Discharge and no rainfall: 
Canals:  
¾ x = -5.106 + 14.381 (stage in m)  
 Bayous:  
¾ x = -16.262 + 19.755 (stage in m) 
 
 In Zone 1, the regression equation suggests that stage and tide have a 
larger influence on turbidity levels than the wind component. The turbidity in 
Zone 1 increases with the stage of the Mississippi River and decreases with 
tide and wind.  
 For Zones 2, 3, and 4 the equations indicate tide as the most influential 
variable at moving the suspended sediment introduced by the siphon or 
resuspended by light rainfall. Turbidity in Zone 2, Zone 3, and Zone 4 
decreases with tide. Turbidity within these zones also decreases with 
north/south winds. Stage plays a lesser role in these zones. For Zones 2 and 
3, turbidity values increase slightly when stage increase). In contrast, the 
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turbidity in Zone 4, decreases with decreasing stage. Finally, the 
turbidity/SSCs in the canals and bayous increase with increasing river stage.  
7.3 Summary  
 
 The statistical analysis indicates that the effect of forcing factors on 
turbidity/SSC differs throughout the site. The differences are attributed to the 
presence of physical features such as spoil banks and aquatic vegetation and 
to physical properties such as water velocity, friction, and shear stress.   
 The SSC diminishes with distance from the siphon; indicating that 
suspended sediment is either deposited near the siphon structure or trapped 
in canals and transported out of the wetlands. The stage of the Mississippi 
River during siphon operation influences the amount of suspended sediment in 
the interior wetlands. Siphon discharge when the Mississippi River is at flood 
stage, compared to when the river is a low stage, introduces more suspended 
sediment into the wetlands. The suspended sediment is confined to the inner 
most areas due to the presence of spoil banks. These spoil banks appear to 
block sheet flow and redirect the sediment-laden water into nearby canals that 
route the water outside of the wetlands.    
 Tidal flow affects SSC only in areas where sediment is readily available, 
such as the interior most wetlands. Aerial and sub-aerial aquatic vegetation 
appears to dampen the effect of wind on the SSC. The results of the effect of 
rainfall, alone, on SSCs maybe biased due to data set constrains.  
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  Regression analysis indicates that siphon discharge and stage are the 
most important individual variables. Throughout the wetlands, the SSC 
increases when the Mississippi River rises above flood stage and decreases 
with tide and north/south winds.    
 Turbidity is greater in the canals than in the bayous. However, both the 
canals and bayous are mostly influenced by siphon discharge and river stage. 
As the river stage increases, the turbidity in the canals and bayous also 
increases.    
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Chapter 8: Summary and Conclusions 
 
 River diversions play a key role in Louisiana’s effort to offset the 
approximately 65 km2 of wetlands that are lost per year. Diversions funnel 
freshwater and suspended sediment from the Mississippi River into adjacent 
coastal wetlands. This study examined the influence of the five environmental 
forcing factors (river stage, rainfall, tide, wind speed, and wind direction), 
individually and in combination, on the suspended sediment concentration, 
using its surrogate turbidity, in the Naomi wetlands, Plaquemines Parish, 
Louisiana. The Naomi wetlands have received fresh water and suspended 
sediment from the Mississippi River via the Naomi Diversion Siphon since 
1993.  
 The study determined that siphon operation and river stage were the 
most influential individual forcing factors. In addition to these two factors, 
distance from the siphon, spoil banks, and the presence of canals influence 
sediment circulation. The SSCs present in the wetlands is high during periods 
when the siphon is operating and when the Mississippi River is at flood stage, 
but decreases with distance from the siphon outfall. This decrease in SSC is 
attributed to sediment deposition within 5 km of the siphon and to the 
presence of spoil banks associated with Brady and Southern Natural Gas 
Canals. The spoil banks block and redirect the sheet flow of sediment-laden 
water into canals. Individually, tide influences the wetlands only adjacent to the 
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siphon; which is attributed to greater sediment availability in the region nearest 
the siphon. Alone, rainfall and wind have little influence on suspended 
sediment levels.  
 The quantitative analysis indicated that canals are more efficient at 
conveying suspended sediment than natural bayous. The turbidity levels in the 
canals were greatest when the siphon was discharging during high river stage; 
however, there was no significant difference in the turbidity concentration in 
bayous from these two factors. The efficiency of canals to transport 
suspended sediment may be detrimental to restoration efforts, in that the 
canals may be funneling suspended sediment through and out of the Naomi 
wetlands and not allowing sediment deposition.   
 Regression models were developed for each zone and for the canals 
and bayous. Modeling determined that when the siphon is operating, stage, 
tide, and southerly winds (v-wind) are responsible for most of the suspended 
sediment movement in the wetlands adjacent to the siphon. Away from the 
siphon, suspended sediment movement is influenced by the above factors 
plus light rainfall. For the canals and bayous, a strong relationship exists 
between siphon discharge and river stage and suspended sediment. A model 
could not be developed for the open water category due to insufficient data. 
The models are presented in Table 8.1. 
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Table 8.1 Regression Models 
Siphon Discharging and no-
rainfall Zone 1
 
x =  21.014 + 8.089 (stage in m) +  
-4.412 (tide in m) + -0.934 (v-wind) 
 
Zone 2
 
x = 55.814 + 1.963 (stage in m) + 
 -17.645 (tide in m) + -4.725 (v-wind) 
 
Zone 3
 
x = 44.477 + 2.179 (stage in m) + 
 -15.818 (tide in m) + -2.415 (v-wind) 
 
Siphon Discharging and light 
rainfall (0.01-1.27 cm) 
Zone 4
 
x = 57.0257 + -3.786 (stage in m) +  
-14.521 (tide in m) + -4.115 (v-wind) 
 
Canals
 
x = -5.106 + 14.381 (stage in m) 
 
 
Siphon Discharge and no 
rainfall Bayous
 
x = -16.262 + 19.755 (stage in m) 
 
 
  The findings of this study are summarized below: 
¾ Suspended sediment within the Naomi wetlands decreases 
with distance from the siphon; 
¾ Spoil banks located about 5 km from the siphon appear to 
interfere with the sheet flow of sediment-laden water; 
¾ High suspended sediment occurs closest to the siphon 
when the siphon is operating and when the Mississippi 
River is at flood stage; 
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¾ Canals are better transporters of suspended sediment than 
bayous; and 
¾ models found in Table 8.1 were developed.  
 Additional research needs to be conducted in the Naomi wetlands to 
fully understand the relationship between suspended sediment and the forcing 
factors. This research should focus on the obtaining SSCs data from the 
wetlands. The SSCs sampling efforts should coincide with different siphon 
discharges, river stages, tides, and rainfalls.  
 These results and models are applicable to only the Naomi Diversion 
Siphon. However, similar research and modeling at other diversion structures 
along the lower Mississippi would enhance the understanding of interactions of 
suspended sediment and river stage, rainfall, tide, and wind speed, and wind 
direction.    
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Appendix 
 
Raw Data 
 
 
date rain1d rain2d rain3d rain3dto rain4d stage
1/28/1993 0 0 0 0 0.05 2.33
12/15/1993 0 3.18 1.06 1.41 0 2.1
4/3/1995 0 0.05 0.31 0.12 6.02 1.83
5/1/1995 0 0 0 0 0 2.3
3/17/1999 0 0 0 0 3.05 2.01
4/19/1995 0 0 0 0 0 1.22
9/11/1996 0 0.25 0.08 0.11 0 0.6
10/20/1997 0 0 0 0 0 0.52
11/18/1997 0 0 0 0 0 0.57
11/17/1999 0 0 0 0 0 0.59
7/19/2000 0 0 0 0 0 0.85
8/28/2000 0 0 0 0 0 0.69
9/27/2000 0 0 0.04 0.01 0.25 0.58
10/25/2000 0 0 0 0 0 0.57
7/24/2001 0 0 0.25 0.08 0.66 0.94
10/1/2001 0 0 0 0 0 0.62
12/1/1993 0 0 0 0 0 2.13
11/21/1996 0 0 0 0 0 1.61
10/19/1994 0 0.3 0.1 0.13 0.05 0.66
11/15/1995 0 0 0 0 0.05 0.68
12/13/1995 0 0 0 0 0.18 0.61
10/16/1996 0 0 0 0 0 1.03
12/15/1997 0 0 0 0 0.46 0.65
9/15/1999 0 0 0.13 0.04 0 0.79
10/13/1999 0 0.25 0.93 0.39 1.27 0.63
12/15/1999 0 0 0.19 0.06 0 0.53
1/20/2000 0 0 0 0 0 0.4
2/23/2000 0 0 0 0 0 0.36
12/18/2000 0 0.41 0.22 0.21 0.25 0.4
1/29/2001 0 0 0 0 0 0.7
10/17/2001 0 0 0 0 6.1 0.78
11/14/2001 0 0 0 0 0 0.66
1/18/1996 0.05 0 0.02 0.02 0 0.76
9/15/1997 0.2 0 0.07 0.09 0 0.72
6/22/1999 0.43 0 0.14 0.19 0 1.61
8/24/1999 0.13 0 0.04 0.06 0 0.84
11/20/2000 0.51 5.08 2.79 2.79 4.06 0.67
8/28/2001 0.25 0 0.08 0.11 0 0.58
5/31/1995 5.21 0.18 1.85 2.41 0 2.59
6/21/2000 0.03 0.56 0.23 0.27 1.27 0.74
4/20/1993 0 0 0 0 0 2.68
12/28/1993 0 0 0 0 0 1.96
2/9/1994 0 0.08 0.03 0.04 0.23 2.32
4/20/1998 0 0.08 0.03 0.04 0 2.35
6/16/1998 0 0 0 0 0 1.47
4/19/2000 0 0 0 0 0 1.54
4/4/2001 0 0 0 0 0 2.09
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date rain1d rain2d rain3d rain3dto rain4d stage
5/2/2001 0 0 0 0 0 1.57
4/23/2002 0 0 0 0 0 2.46
5/23/2002 0 0 0 0 0 2.49
6/29/1994 0 0 0 0 0 0.84
7/26/1994 0 0.03 0.08 0.04 1.35 0.97
3/13/1996 0 0 0 0 0 1.04
8/10/1998 0 0 0 0 0.58 1.09
12/15/1998 0 0 0.19 0.06 0 0.87
1/26/1999 0 0 0 0 0 1.38
5/24/2000 0 0.03 0.71 0.25 1.27 0.7
2/20/2001 0 0 0 0 0 1.28
5/30/2001 0 0 0 0 0 1.26
4/7/1993 0 0 0.03 0.01 3.94 2.39
8/11/1993 0 1.91 0.66 0.86 0.36 2.42
5/19/1997 0 0 0 0 0.08 2.3
8/11/1997 0 0.03 0.05 0.03 0 0.72
11/3/1993 0 0 0 0 0 1.22
9/14/1998 0 0 0 0 34.93 1.03
10/20/1998 0 1.12 0.37 0.5 0 1.1
11/19/1998 0 0 0 0 0.25 1.1
3/14/2002 0 0.15 0.39 0.18 0.13 0.96
7/14/1994 0.1 3.33 1.64 1.69 3.05 1.07
5/31/1994 1.88 2.13 2.82 2.28 0.28 2.26
7/14/1999 1.27 1.3 0.86 1.14 0.25 1.56
6/27/2001 1.52 0 0.51 0.68 0 1.59
8/7/1996 1.96 0.53 0.87 1.12 2.11 1.33
2/25/1993 0 0 0 0 0 1.71
3/10/1993 0 0 0 0 0 2.1
3/24/1993 0 0 0 0 0.91 2.41
6/2/1993 0 0 0.87 0.29 0 2.62
6/16/1993 0 0 0 0 0 1.94
2/23/1994 0 0 0 0 0 2.41
3/22/1994 0 0 0 0 0 2.71
4/5/1994 0 0 0 0 0 2.52
4/20/1994 0 0 0 0 0 2.72
2/14/1996 0 0 0 0 0 1.74
5/8/1996 0 0 0 0 0 2.02
6/4/1996 0 3.35 1.12 1.49 0 2.66
4/21/1997 0 0 0 0 0 2.6
5/18/1998 0 0 0 0 0 2.63
4/15/1999 0 0 0 0 0 1.92
5/18/1999 0 0 0 0 0.15 2.26
12/11/1996 0 0 0 0 0 2.24
1/15/1997 0 0 0 0 0 1.72
2/19/1997 0 0 0 0 0 2.33
6/16/1997 0 0 0 0 0.03 2.4
7/15/1997 0 0.91 0.3 0.4 0.46 2.39
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date rain1d rain2d rain3d rain3dto rain4d stage
12/19/2001 0 1.02 0.34 0.45 0 1.93
5/19/1993 0.13 0 0.04 0.06 0 2.79
2/18/1999 0.25 0 0.08 0.11 0 2.74
6/29/1993 0.3 0.51 0.27 0.36 0.99 2.17
7/28/1993 0.58 0 0.39 0.32 0.18 2.23
3/20/1997 0.08 1.02 0.37 0.49 0.08 3
2/11/1993 3.61 0 1.2 1.6 0 2.18
5/18/1994 5.08 2.03 2.37 3.16 0.51 2.86
2/16/1998 2.59 0 0.86 1.15 0 1.92
3/17/1998 4.57 0 1.52 2.03 0 2.42
7/14/1993 4.83 0.53 1.81 2.39 0.69 1.83
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date
1/28/1993
12/15/1993
4/3/1995
5/1/1995
3/17/1999
4/19/1995
9/11/1996
10/20/1997
11/18/1997
11/17/1999
7/19/2000
8/28/2000
9/27/2000
10/25/2000
7/24/2001
10/1/2001
12/1/1993
11/21/1996
10/19/1994
11/15/1995
12/13/1995
10/16/1996
12/15/1997
9/15/1999
10/13/1999
12/15/1999
1/20/2000
2/23/2000
12/18/2000
1/29/2001
10/17/2001
11/14/2001
1/18/1996
9/15/1997
6/22/1999
8/24/1999
11/20/2000
8/28/2001
5/31/1995
6/21/2000
4/20/1993
12/28/1993
2/9/1994
4/20/1998
6/16/1998
4/19/2000
4/4/2001
q tide noaaws noaawd u_sp v_sp
0 1 3 296 2.7 -1.3
0 1 7 310 5.4 -4.5
0 1 4 148 -2.1 3.4
0 1 6 183 0.3 6
0 1 5 154 -2.2 4.5
0 1 5 140 -3.2 3.8
0 1 3 334 1.3 -2.7
0 1 2 262 2 0.3
0 1 5 51 -3.9 -3.1
0 1 5 39 -3.1 -3.9
0 1 6 288 5.7 -1.9
0 1 2 215 1.1 1.6
0 1 7 148 -3.7 5.9
0 1 5 52 -3.9 -3.1
0 1 2 84 -2 -0.2
0 1 5 19 -1.6 -4.7
0 2 5 51 -3.9 -3.1
0 2 4 201 1.4 3.7
0 2 7 144 -4.1 5.7
0 2 5 39 -3.1 -3.9
0 2 5 103 -4.9 1.1
0 2 4 117 -3.6 1.8
0 2 6 349 1.1 -5.9
0 2 8 22 -3 -7.4
0 2 4 41 -2.6 -3
0 2 5 271 5 -0.1
0 2 7 262 6.9 1
0 2 4 112 -3.7 1.5
0 2 4 114 -3.7 1.6
0 2 4 132 -3 2.7
0 2 11 24 -4.5 -10
0 2 4 62 -3.5 -1.9
0 1 8 142 -4.9 6.3
0 2 3 330 1.5 -2.6
0 2 3 115 -2.7 1.3
0 2 2 273 2 -0.1
0 2 7 357 0.4 -7
0 2 1 99 -1 0.2
0 1 3 186 0.3 3
0.15 1 3 213 1.6 2.5
16.49 1 4 161 -1.3 3.8
16.4 1 4 131 -3 2.6
21.22 1 2 185 0.2 2
28.09 1 6 40 -3.9 -4.6
16.01 1 5 206 2.2 4.5
7.54 1 2 191 0.4 2
7.2 1 2 144 -1.2 1.6
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date
5/2/2001
4/23/2002
5/23/2002
6/29/1994
7/26/1994
3/13/1996
8/10/1998
12/15/1998
1/26/1999
5/24/2000
2/20/2001
5/30/2001
4/7/1993
8/11/1993
5/19/1997
8/11/1997
11/3/1993
9/14/1998
10/20/1998
11/19/1998
3/14/2002
7/14/1994
5/31/1994
7/14/1999
6/27/2001
8/7/1996
2/25/1993
3/10/1993
3/24/1993
6/2/1993
6/16/1993
2/23/1994
3/22/1994
4/5/1994
4/20/1994
2/14/1996
5/8/1996
6/4/1996
4/21/1997
5/18/1998
4/15/1999
5/18/1999
12/11/1996
1/15/1997
2/19/1997
6/16/1997
7/15/1997
q tide noaaws noaawd u_sp v_sp
3.35 1 3 120 -2.6 1.5
22.89 1 1 230 0.8 0.6
19.05 1 6 99 -5.9 0.9
8.15 1 4 234 3.2 2.4
5.66 1 4 230 3.1 2.6
27.44 1 4 92 -4 0.1
12.7 1 4 336 1.6 -3.7
16.24 1 6 8 -0.8 -5.9
19.07 1 3 47 -2.2 -2
1.93 1 6 201 2.2 5.6
17.8 1 2 31 -1 -1.7
26.01 1 4 189 0.6 4
15.01 2 6 103 -5.8 1.3
14.76 2 2 80 -2 -0.3
19.9 2 6 159 -2.2 5.6
1.72 2 3 98 -3 0.4
15.25 2 4 45 -2.8 -2.8
7.16 2 9 125 -7.4 5.2
13.12 2 3 62 -2.6 -1.4
13.12 2 2 63 -1.8 -0.9
13.87 2 4 99 -4 0.6
8.3 2 3 166 -0.7 2.9
29.13 1 2 147 -1.1 1.7
25.38 1 2 330 1 -1.7
27.26 1 2 147 -1.1 1.7
28.47 2 4 103 -3.9 0.9
40.57 1 7 114 -6.4 2.8
49.27 1 5 203 2 4.6
56.89 1 1 174 -0.1 1
48.01 1 1 207 0.5 0.9
39.68 1 4 99 -4 0.6
57.09 1 3 216 1.8 2.4
59.57 1 8 22 -3 -7.4
51.8 1 3 129 -2.3 1.9
47.34 1 3 57 -2.5 -1.6
40.01 1 4 225 2.8 2.8
48.81 1 5 137 -3.4 3.7
59.46 1 3 267 3 0.2
48.3 1 5 222 3.3 3.7
30.08 1 4 287 3.8 -1.2
40.35 1 8 236 6.6 4.5
47.95 1 2 79 -2 -0.4
52.72 2 5 183 0.3 5
37.32 2 4 46 -2.9 -2.8
50.2 2 5 85 -5 -0.4
51.1 2 5 199 1.6 4.7
50.55 2 3 72 -2.9 -0.9
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date
12/19/2001
5/19/1993
2/18/1999
6/29/1993
7/28/1993
3/20/1997
2/11/1993
5/18/1994
2/16/1998
3/17/1998
7/14/1993
q tide noaaws noaawd u_sp v_sp
44.9 2 7 241 6.1 3.4
50.39 1 3 179 -0.1 3
59.24 1 3 225 2.1 2.1
41.71 2 4 217 2.4 3.2
53.17 2 3 236 2.5 1.7
62.9 2 7 327 3.8 -5.9
51.24 1 4 180 0 4
38.88 1 4 45 -2.8 -2.8
38.63 1 2 284 1.9 -0.5
61.68 1 6 142 -3.7 4.7
43.83 2 6 223 4.1 4.4
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date
1/28/1993
12/15/1993
4/3/1995
5/1/1995
3/17/1999
4/19/1995
9/11/1996
10/20/1997
11/18/1997
11/17/1999
7/19/2000
8/28/2000
9/27/2000
10/25/2000
7/24/2001
10/1/2001
12/1/1993
11/21/1996
10/19/1994
11/15/1995
12/13/1995
10/16/1996
12/15/1997
9/15/1999
10/13/1999
12/15/1999
1/20/2000
2/23/2000
12/18/2000
1/29/2001
10/17/2001
11/14/2001
1/18/1996
9/15/1997
6/22/1999
8/24/1999
11/20/2000
8/28/2001
5/31/1995
6/21/2000
4/20/1993
12/28/1993
2/9/1994
4/20/1998
6/16/1998
4/19/2000
4/4/2001
canals bayous openwate zone1 zone2 zone3
15 35 . 8 20 22
14 26 . 25 15 12
6 7 . 9 6 4
8 11 . 9 10 9
14 18 . 20 14 12
10 14 . 19 9 9
5 9 . 6 6 6
6 9 . 4 8 6
8 16 . 5 10 12
31 36 25 33 36 25
28 22 24 40 19 22
14 14 12 13 16 14
34 21 24 14 32 39
17 16 12 15 19 17
12 11 13 12 11 10
9 15 . 15 10 6
19 17 . 20 10 24
5 5 . 4 6 3
5 6 . 6 6 4
9 20 . 11 16 10
10 13 . 7 8 13
5 8 . 5 7 5
10 33 . 5 13 25
11 16 18 11 10 12
7 8 9 6 7 6
18 20 22 20 16 16
26 25 37 22 24 30
20 17 12 26 23 12
27 19 19 14 33 19
20 42 52 28 29 32
6 15 . 6 8 4
9 12 . 13 11 5
9 17 . 6 10 15
4 5 . 3 3 5
21 16 19 25 19 17
12 13 10 18 10 12
19 25 18 22 18 20
7 9 . 6 8 7
7 9 . 11 6 7
15 18 18 17 15 16
25 28 . 34 26 21
25 24 . 30 27 15
22 20 . 27 22 16
33 32 . 44 40 16
9 9 . 8 11 7
28 19 11 32 25 21
43 39 25 92 40 17
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date
5/2/2001
4/23/2002
5/23/2002
6/29/1994
7/26/1994
3/13/1996
8/10/1998
12/15/1998
1/26/1999
5/24/2000
2/20/2001
5/30/2001
4/7/1993
8/11/1993
5/19/1997
8/11/1997
11/3/1993
9/14/1998
10/20/1998
11/19/1998
3/14/2002
7/14/1994
5/31/1994
7/14/1999
6/27/2001
8/7/1996
2/25/1993
3/10/1993
3/24/1993
6/2/1993
6/16/1993
2/23/1994
3/22/1994
4/5/1994
4/20/1994
2/14/1996
5/8/1996
6/4/1996
4/21/1997
5/18/1998
4/15/1999
5/18/1999
12/11/1996
1/15/1997
2/19/1997
6/16/1997
7/15/1997
canals bayous openwate zone1 zone2 zone3
17 14 8 33 16 7
25 24 . 32 26 13
32 17 . 38 29 15
6 6 . 8 6 4
8 12 . 13 10 4
27 31 . 28 30 21
9 7 . 14 7 7
40 26 . 30 19 56
12 10 . 18 10 7
16 13 25 15 14 18
33 25 15 49 30 23
19 13 11 29 17 9
40 39 . 58 42 31
35 21 . 49 31 22
17 14 . 23 19 10
6 15 . 4 5 10
15 12 . 22 13 10
6 8 . 10 6 5
7 7 . 9 6 6
21 20 . 40 19 10
19 21 . 19 20 17
13 11 . 22 9 8
18 13 . 28 16 8
26 16 20 34 20 18
31 16 14 60 21 16
8 8 . 9 7 8
31 26 . 39 29 26
27 27 . 39 25 21
30 23 . 49 24 23
13 14 . 15 13 12
22 15 . 33 19 13
28 27 . 26 35 21
31 29 . 48 28 25
20 28 . 34 24 15
22 20 . 29 22 16
50 43 . 56 47 44
15 17 . 21 19 12
16 20 . 22 20 10
23 20 . 26 27 17
14 17 . 17 19 8
16 17 . 18 17 11
26 17 . 48 20 11
24 17 . 13 29 16
36 38 . 29 32 43
34 34 . 40 39 25
12 13 . 15 13 11
7 6 . 5 7 7
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date
12/19/2001
5/19/1993
2/18/1999
6/29/1993
7/28/1993
3/20/1997
2/11/1993
5/18/1994
2/16/1998
3/17/1998
7/14/1993
canals bayous openwate zone1 zone2 zone3
39 34 . 44 40 29
31 32 . 45 27 25
39 33 . 48 36 32
15 12 . 22 12 10
34 14 . 76 14 14
41 49 . 41 54 33
24 29 . 28 26 26
15 14 . 22 15 9
48 63 . 32 46 64
22 51 . 41 29 26
20 15 . 40 13 13
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date
1/28/1993
12/15/1993
4/3/1995
5/1/1995
3/17/1999
4/19/1995
9/11/1996
10/20/1997
11/18/1997
11/17/1999
7/19/2000
8/28/2000
9/27/2000
10/25/2000
7/24/2001
10/1/2001
12/1/1993
11/21/1996
10/19/1994
11/15/1995
12/13/1995
10/16/1996
12/15/1997
9/15/1999
10/13/1999
12/15/1999
1/20/2000
2/23/2000
12/18/2000
1/29/2001
10/17/2001
11/14/2001
1/18/1996
9/15/1997
6/22/1999
8/24/1999
11/20/2000
8/28/2001
5/31/1995
6/21/2000
4/20/1993
12/28/1993
2/9/1994
4/20/1998
6/16/1998
4/19/2000
4/4/2001
zone4 la1 la2 la3 la4 la5
48 34 6 7 8 48
18 . 9 39 11 18
4 13 6 5 4 4
4 10 6 10 10 4
17 15 11 25 14 17
15 11 8 21 9 15
7 6 3 7 7 7
7 10 2 . 8 7
12 10 5 . 11 12
28 32 36 39 43 30
25 7 27 36 26 19
12 11 11 12 12 11
25 18 59 9 14 25
12 16 11 14 19 9
13 6 13 8 11 12
15 10 7 21 7 15
23 8 3 14 17 23
5 7 7 4 6 5
6 7 5 6 6 6
11 12 12 8 9 11
18 5 5 . 7 18
6 10 6 6 7 6
21 14 14 . 7 21
19 10 10 5 9 24
10 5 13 7 8 7
24 10 18 18 24 38
32 14 24 18 27 28
11 20 18 26 23 7
18 17 11 15 20 18
42 79 21 41 20 27
28 5 3 3 5 28
6 13 13 15 8 6
10 11 9 . 10 10
3 2 3 . 4 3
17 14 16 15 26 12
11 6 9 . 10 9
25 17 20 37 20 37
10 4 6 5 7 10
8 8 4 10 6 8
19 13 16 17 12 23
24 21 19 35 34 24
26 25 17 34 40 26
27 15 6 27 30 27
9 45 31 83 51 9
7 6 11 11 15 7
11 14 31 35 38 12
20 54 12 86 41 11
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date
5/2/2001
4/23/2002
5/23/2002
6/29/1994
7/26/1994
3/13/1996
8/10/1998
12/15/1998
1/26/1999
5/24/2000
2/20/2001
5/30/2001
4/7/1993
8/11/1993
5/19/1997
8/11/1997
11/3/1993
9/14/1998
10/20/1998
11/19/1998
3/14/2002
7/14/1994
5/31/1994
7/14/1999
6/27/2001
8/7/1996
2/25/1993
3/10/1993
3/24/1993
6/2/1993
6/16/1993
2/23/1994
3/22/1994
4/5/1994
4/20/1994
2/14/1996
5/8/1996
6/4/1996
4/21/1997
5/18/1998
4/15/1999
5/18/1999
12/11/1996
1/15/1997
2/19/1997
6/16/1997
7/15/1997
zone4 la1 la2 la3 la4 la5
7 22 14 37 16 4
11 27 15 36 32 11
6 21 28 16 37 6
10 5 3 9 9 10
10 6 6 6 6 10
27 35 30 38 33 27
6 4 5 4 11 6
31 19 24 25 18 31
12 12 4 7 12 12
20 7 11 13 12 14
12 33 27 30 40 9
10 11 23 28 24 7
24 32 28 67 59 24
7 5 16 53 61 7
7 13 22 30 31 7
30 3 4 . 6 30
7 7 5 19 21 7
9 6 5 7 5 9
7 6 8 4 8 7
10 22 21 45 28 10
21 19 23 21 20 21
12 2 7 18 10 12
12 8 4 32 25 12
19 11 25 19 34 19
12 15 22 23 29 6
8 2 8 14 11 8
14 21 16 36 34 14
37 16 14 42 31 37
13 18 16 38 10 13
13 3 5 21 19 13
8 3 14 29 31 8
12 19 32 41 45 12
16 29 9 47 42 16
13 47 8 40 26 13
10 22 22 34 30 10
39 39 51 48 65 39
8 21 4 34 30 8
7 30 5 40 31 7
12 25 34 37 36 12
8 28 8 29 25 8
21 15 17 18 19 21
6 9 5 51 40 6
7 30 30 14 38 7
67 26 35 32 38 67
21 33 35 62 56 21
8 13 4 25 27 8
5 6 8 5 11 5
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date
12/19/2001
5/19/1993
2/18/1999
6/29/1993
7/28/1993
3/20/1997
2/11/1993
5/18/1994
2/16/1998
3/17/1998
7/14/1993
zone4 la1 la2 la3 la4 la5
20 37 23 47 55 20
19 16 18 44 37 19
24 41 30 47 48 24
8 2 8 14 17 8
11 3 19 19 26 11
41 56 64 75 67 41
22 25 20 38 24 22
6 15 6 26 22 6
67 24 24 27 29 67
56 22 21 57 28 56
8 3 11 33 22 8
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date
1/28/1993
12/15/1993
4/3/1995
5/1/1995
3/17/1999
4/19/1995
9/11/1996
10/20/1997
11/18/1997
11/17/1999
7/19/2000
8/28/2000
9/27/2000
10/25/2000
7/24/2001
10/1/2001
12/1/1993
11/21/1996
10/19/1994
11/15/1995
12/13/1995
10/16/1996
12/15/1997
9/15/1999
10/13/1999
12/15/1999
1/20/2000
2/23/2000
12/18/2000
1/29/2001
10/17/2001
11/14/2001
1/18/1996
9/15/1997
6/22/1999
8/24/1999
11/20/2000
8/28/2001
5/31/1995
6/21/2000
4/20/1993
12/28/1993
2/9/1994
4/20/1998
6/16/1998
4/19/2000
4/4/2001
la6 la7 la8 la9 la10 la11
39 39 15 5 26 14
12 19 14 4 14 12
4 6 4 3 5 5
3 5 9 18 4 10
14 12 12 5 7 15
6 12 10 . 3 9
8 9 1 5 3 6
8 7 5 2 3 6
. 24 14 3 6 7
25 24 26 24 29 30
. . 20 18 . 27
11 11 8 20 32 15
71 20 . 70 75 24
17 19 11 23 33 16
9 9 11 5 7 15
. . 4 8 . 7
72 27 4 3 5 14
2 4 4 2 4 5
3 4 3 4 6 5
10 12 5 13 6 10
20 12 10 6 9 18
6 5 2 6 3 7
. 71 15 2 . 12
7 15 21 5 7 14
6 7 6 6 3 8
7 18 28 11 7 20
27 39 25 13 36 29
12 14 5 6 33 21
33 23 9 19 116 17
31 54 21 16 12 10
. . 4 3 . 5
. . 3 6 . 5
. 36 5 9 . 8
7 7 2 3 3 5
15 15 18 16 17 21
11 17 11 7 8 13
28 11 20 14 17 20
. . 7 5 . 10
6 11 3 5 4 8
12 19 17 17 16 12
14 28 10 21 14 31
20 8 8 10 13 29
10 14 15 15 38 26
5 7 15 3 3 52
7 6 4 4 4 14
31 22 11 18 19 30
6 26 21 6 13 36
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date
5/2/2001
4/23/2002
5/23/2002
6/29/1994
7/26/1994
3/13/1996
8/10/1998
12/15/1998
1/26/1999
5/24/2000
2/20/2001
5/30/2001
4/7/1993
8/11/1993
5/19/1997
8/11/1997
11/3/1993
9/14/1998
10/20/1998
11/19/1998
3/14/2002
7/14/1994
5/31/1994
7/14/1999
6/27/2001
8/7/1996
2/25/1993
3/10/1993
3/24/1993
6/2/1993
6/16/1993
2/23/1994
3/22/1994
4/5/1994
4/20/1994
2/14/1996
5/8/1996
6/4/1996
4/21/1997
5/18/1998
4/15/1999
5/18/1999
12/11/1996
1/15/1997
2/19/1997
6/16/1997
7/15/1997
la6 la7 la8 la9 la10 la11
3 5 7 9 4 11
. . 6 6 . 26
. . 7 13 . 25
4 3 3 3 3 8
4 4 4 4 3 5
27 21 21 6 11 31
5 10 4 . 3 8
188 28 44 2 7 19
8 8 8 2 4 11
23 15 20 29 29 9
22 35 9 25 7 37
5 7 7 4 5 23
15 30 10 46 18 53
10 8 10 31 7 50
7 4 6 10 4 21
17 15 4 4 2 8
9 12 6 11 6 14
4 5 6 4 2 7
4 10 6 3 2 7
6 11 10 2 3 19
. . 11 15 . 24
10 9 8 3 . 9
4 5 5 4 3 23
20 13 20 15 14 25
8 10 12 24 8 30
15 9 5 3 4 8
20 33 21 29 36 29
16 16 18 28 28 28
14 23 17 28 31 32
11 12 15 5 7 15
14 15 6 7 7 23
8 12 19 . 17 45
16 22 22 20 12 43
6 8 9 19 9 31
11 11 17 16 6 25
24 . 56 35 18 59
3 5 10 17 3 24
7 9 4 5 3 25
13 7 10 26 6 31
8 8 5 4 4 17
5 6 16 5 12 23
6 3 4 3 5 40
4 6 18 15 17 35
73 . 20 . 19 35
16 16 12 . 9 55
12 6 4 10 2 23
8 7 5 5 3 9
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date
12/19/2001
5/19/1993
2/18/1999
6/29/1993
7/28/1993
3/20/1997
2/11/1993
5/18/1994
2/16/1998
3/17/1998
7/14/1993
la6 la7 la8 la9 la10 la11
. . 14 28 . 44
15 20 . 12 8 53
18 20 56 23 10 43
13 13 6 4 8 13
14 17 13 7 6 21
6 37 7 56 21 60
19 24 24 33 32 32
4 10 3 7 5 23
55 74 78 21 71 90
37 47 10 16 16 20
13 14 13 7 5 16
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date
1/28/1993
12/15/1993
4/3/1995
5/1/1995
3/17/1999
4/19/1995
9/11/1996
10/20/1997
11/18/1997
11/17/1999
7/19/2000
8/28/2000
9/27/2000
10/25/2000
7/24/2001
10/1/2001
12/1/1993
11/21/1996
10/19/1994
11/15/1995
12/13/1995
10/16/1996
12/15/1997
9/15/1999
10/13/1999
12/15/1999
1/20/2000
2/23/2000
12/18/2000
1/29/2001
10/17/2001
11/14/2001
1/18/1996
9/15/1997
6/22/1999
8/24/1999
11/20/2000
8/28/2001
5/31/1995
6/21/2000
4/20/1993
12/28/1993
2/9/1994
4/20/1998
6/16/1998
4/19/2000
4/4/2001
la12 la13 la14 la15 la16 la60
8 11 . 47 9 .
8 . 27 27 15 .
5 6 16 5 5 .
6 7 12 27 8 .
9 13 27 23 14 .
11 8 25 11 13 .
5 5 . 14 5 .
4 6 . 10 14 .
5 9 . 18 10 .
29 29 30 54 31 29
16 10 67 18 28 47
13 17 15 22 10 19
10 16 24 26 13 32
20 15 11 19 18 21
9 13 20 16 8 17
10 11 13 12 12 .
13 13 33 11 16 .
4 6 . 7 5 .
5 6 8 8 6 .
8 7 16 57 7 .
7 9 . 17 4 .
4 5 . 13 6 .
5 9 . 25 7 .
10 5 19 23 7 27
4 6 . 6 10 5
19 19 22 20 17 15
25 17 23 26 23 24
19 19 32 24 22 23
12 22 14 27 15 26
22 19 20 27 23 92
5 6 11 24 6 .
9 10 16 13 11 .
6 14 . 10 8 .
3 3 . 7 2 .
14 12 45 24 21 22
7 7 28 17 11 14
16 16 14 16 22 21
6 6 6 17 5 .
5 5 18 10 . .
11 14 22 21 15 35
10 27 58 32 36 .
9 32 48 26 33 .
16 20 38 18 25 .
4 61 . 15 75 .
4 7 . 13 19 .
28 17 34 18 36 15
15 58 174 44 58 45
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date
5/2/2001
4/23/2002
5/23/2002
6/29/1994
7/26/1994
3/13/1996
8/10/1998
12/15/1998
1/26/1999
5/24/2000
2/20/2001
5/30/2001
4/7/1993
8/11/1993
5/19/1997
8/11/1997
11/3/1993
9/14/1998
10/20/1998
11/19/1998
3/14/2002
7/14/1994
5/31/1994
7/14/1999
6/27/2001
8/7/1996
2/25/1993
3/10/1993
3/24/1993
6/2/1993
6/16/1993
2/23/1994
3/22/1994
4/5/1994
4/20/1994
2/14/1996
5/8/1996
6/4/1996
4/21/1997
5/18/1998
4/15/1999
5/18/1999
12/11/1996
1/15/1997
2/19/1997
6/16/1997
7/15/1997
la12 la13 la14 la15 la16 la60
19 19 44 11 28 13
10 23 51 21 40 .
29 22 69 23 41 .
4 5 10 5 13 .
3 6 29 33 10 .
17 32 . 32 37 .
8 3 30 12 12 .
12 16 54 25 21 .
8 12 39 13 14 .
13 11 20 14 12 40
24 38 93 32 34 27
11 9 48 14 32 25
15 47 91 44 66 .
8 45 86 31 53 .
15 12 . 16 32 .
4 6 . 10 5 .
4 18 44 13 24 .
3 4 21 11 6 .
6 5 18 8 6 .
11 19 65 11 30 .
23 17 12 23 19 .
4 5 45 14 15 .
5 23 47 10 36 .
12 12 70 16 27 26
11 12 145 28 36 21
4 3 . 8 12 .
28 32 54 26 36 .
12 23 63 24 36 .
38 28 71 25 38 .
9 11 . 21 23 .
6 18 65 20 38 .
30 38 8 50 42 .
18 36 78 29 36 .
9 20 52 34 27 .
10 23 44 22 31 .
63 45 . 45 68 .
8 23 . 19 33 .
4 23 . 13 38 .
14 28 . 20 38 .
4 30 . 10 25 .
16 18 20 23 17 .
12 16 82 16 51 .
12 23 . 29 35 .
25 28 . 27 48 .
18 46 . 36 57 .
5 10 . 11 25 .
5 4 . 8 11 .
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date
12/19/2001
5/19/1993
2/18/1999
6/29/1993
7/28/1993
3/20/1997
2/11/1993
5/18/1994
2/16/1998
3/17/1998
7/14/1993
la12 la13 la14 la15 la16 la60
20 44 65 31 50 .
26 12 64 59 42 .
30 40 67 35 45 .
9 9 43 23 19 .
26 6 184 19 20 .
7 65 . 37 71 .
17 18 . 34 31 .
11 19 29 12 24 .
36 26 . 124 23 .
24 20 . 73 26 .
18 7 68 15 30 .
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date
1/28/1993
12/15/1993
4/3/1995
5/1/1995
3/17/1999
4/19/1995
9/11/1996
10/20/1997
11/18/1997
11/17/1999
7/19/2000
8/28/2000
9/27/2000
10/25/2000
7/24/2001
10/1/2001
12/1/1993
11/21/1996
10/19/1994
11/15/1995
12/13/1995
10/16/1996
12/15/1997
9/15/1999
10/13/1999
12/15/1999
1/20/2000
2/23/2000
12/18/2000
1/29/2001
10/17/2001
11/14/2001
1/18/1996
9/15/1997
6/22/1999
8/24/1999
11/20/2000
8/28/2001
5/31/1995
6/21/2000
4/20/1993
12/28/1993
2/9/1994
4/20/1998
6/16/1998
4/19/2000
4/4/2001
la61 la62 la63 la64
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
35 21 24 21
32 9 17 .
15 9 7 18
25 16 25 12
17 8 6 13
15 13 8 11
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
16 12 15 12
17 5 16 5
14 18 33 10
22 38 50 44
12 7 5 14
16 18 13 10
24 38 27 60
. . . .
. . . .
. . . .
. . . .
15 20 16 15
15 9 8 11
31 15 19 26
. . . .
. . . .
15 9 11 16
. . . .
. . . .
. . . .
. . . .
. . . .
12 6 11 13
13 20 11 6
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date
5/2/2001
4/23/2002
5/23/2002
6/29/1994
7/26/1994
3/13/1996
8/10/1998
12/15/1998
1/26/1999
5/24/2000
2/20/2001
5/30/2001
4/7/1993
8/11/1993
5/19/1997
8/11/1997
11/3/1993
9/14/1998
10/20/1998
11/19/1998
3/14/2002
7/14/1994
5/31/1994
7/14/1999
6/27/2001
8/7/1996
2/25/1993
3/10/1993
3/24/1993
6/2/1993
6/16/1993
2/23/1994
3/22/1994
4/5/1994
4/20/1994
2/14/1996
5/8/1996
6/4/1996
4/21/1997
5/18/1998
4/15/1999
5/18/1999
12/11/1996
1/15/1997
2/19/1997
6/16/1997
7/15/1997
la61 la62 la63 la64
6 6 6 5
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
13 22 13 12
9 11 6 7
10 6 3 7
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
17 21 14 17
12 12 9 10
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
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date
12/19/2001
5/19/1993
2/18/1999
6/29/1993
7/28/1993
3/20/1997
2/11/1993
5/18/1994
2/16/1998
3/17/1998
7/14/1993
la61 la62 la63 la64
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
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Vita 
 
  
 Molly McGraw was born in New Orleans, Louisiana, and grew up on the 
banks of the Mississippi River in Reserve, Louisiana (RM 138.7). She received 
a Bachelor of Science and Master of Science from Louisiana State University. 
While working as an environmental consultant, she began pursuing a master’s 
degree in geography at the University of New Orleans. She completed the 
degree in 1999 and entered the doctoral program at Louisiana State 
University. Upon completion of her doctoral program, she will begin her 
academic career as an Assistant Professor at Southeastern Louisiana 
University in August 2005. 
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